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& 
Our Second Birthday..=, 


It seems but yesterday since I took up my pen to announce to our readers 
the First Birthday of Fe1LDEN’s MaGazine, and I can scarcely realise that two years 
have passed since the inaugural issue. 

To the busy toiler in these brain-racking days, when a thousand and one 
absorbing elements crowd on each other in rapid succession, time flies like wildfire, 
far too quickly to accomplish all that one would like to; but one can but do one’s 
best, and the best, if done with one’s might, should be enough. I confess, however, 
‘that, great as has been the success of this Magazine and undeniably high as its 
prestige is to-day, though but a short two years old, I am not satisfied. It is said 
that man ever strives after the unattainable, but in these moving times it is hardly 
wise to predict what may be classed under this category. I therefore repeat—I am 
not satisfied. In this I mean that there will be no relaxation of effort and no sparing 
of the. sinews of war on the part of FEILDEN’s MaGazINE to keep this publication 
up to the highest concert pitch of excellence and superiority on behalf of the manu- 
facturers of Great Britain, in whose interests it has been so assiduously working. Is 
it too much to say that the Magazine has accomplished something already for this country 
in the nervy, absorbing race for industrial supremacy? Without egotism, I think I can 
trace its handiwork in the promulgation of various undertakings, which have made, 
and are making, for progress on a scale little dreamt of during even the closing years of 
last century. 

And what a change has come over the industrial horizon during even the last 
two years! The inauguration of the colossal Trusts in America, which are seeking 
to practically absorb the trade of the world by killing legitimate industry, the 
accomplishment of the Australian Commonwealth, the near approach of a united 
British South Africa, the extraordinary development of the electrical industries in this 
country—all these, and more, supply eloquent and living argument for a change in the 
trading arrangements of Great Britain in relation to other countries, and particularly 
with regard to our Colonies, and for an alertness and strenuous perseverance on the 
part of our producers to do something more than has hitherto been done to retain and 
consolidate the great heritage they have won and built up. The position of affairs 
demands an ardent patriotism and an unswerving loyalty to the best traditions of the 
British race. Politics and trade are now so indissolubly interwoven that it is hard to 
dissociate them. Many questions are opened up in this, and I am going to deal with 
them in future issues of FEILDEN’s MAGAZINE in a special manner. 

In this number is produced the first of a series of articles on “‘ How Great Britain 
is Meeting Foreign Competition.” These articles will appeal to the many readers of 
FEILDEN’s MAGAZINE who know full well the objects for which this-publication was 
established. Its record of the last two years, I venture to say, is not one to be despised. 
Its promise for the future augurs well. I look with confidence to the industrial 
community of our country for continued and increasing support—in fact, for unselfish 
and whole-hearted co-operation. 











Electric Traction 
in bondon. 


THE formal opening of the first section 
of the system of electric lines of the 
London United Tramways, Ltd., is 
certainly an event calculated to raise the 
hopes of those who are interested in the 
problem of rapid communication between 
different parts of the metropolis. As 
many of our readers know, electric cars 
have been running since April last 
between Hammersmith and Kew Bridge, 
Shepherd’s Bush and Acton, and Shep- 
herd’s Bush and Young’s Corner, covering 
about 74 miles altogether. Last month 
further extensions were thrown open to 
Acton, through Ealing to Hanwell ; Han- 
well to Southall ; and Kew Bridge through 
srentford to Hounslow, an addition of 
about eight miles. The line from Acton 
to Southall is noteworthy for two reasons, 
the first being that for a distance of two 
miles the undertaking has been constructed 
under the Light Railways Act, although 
there are no physical indications of this 
fact, and the second is that the lines 
were laid in an unusually short space of 
time—almost at the rate of a mile a week. 
The section in question is shortly to be 
extended to Uxbridge, and an unbroken 
run of 12 miles will then be available. 
Future Extensions. 

Other important additions to the system 
are in contemplation, the authorised lines 
involving about 40 miles of track, whilst 
further extensions proposed will bring up 
the total length of the system to 80 miles. 
Electric current is furnished by means of 
the overhead trolley system, and it is 
satisfactory to know that proper safeguards 
have been adopted to guard against 
danger in the event of broken wires. 
Passengers have reason to congratulate 
themselves as to the comfortable nature 
of the accommodation, and the superior 
speed of the vehicles provided by the 
company. Each car is fitted with an 
independent electrical brake in addition 
to ordinary hand brakes. 
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Plant chiefly American. 

To provide power for this extensive 
network of lines, plant is being provided, 
a portion of which has been installed. 
We regret to note that the bulk of it 
emanates from America, and can only 
express the hope that the remainder of 
the contracts, if not too late, may be 
placed in this country. Recent experi- 
ence in central station working with 
American engines has been none too 
happy, and we hope that the London 
United Tramway Company, Ltd., may 
even yet be wise in time. 

A magnificent and substantial power 
house, 154 ft. by 106 ft., accommodates 
the plant. It is divided internally into 
two main portions—the engine room and 
boiler room. In the former are two verti- 
cal cross-;compound condensing engines, 
by the E. P. Allis Co., of Milwaukee, 
with cylinders 22 ins. and 44 ins. by 
42 ins. stroke, running at 90 revolutions 
per minute, with a steam pressure of 
150 lbs. at the throttle. Each of these 
engines is directly connected to two 
250 kilo-watt compound-wound con- 
tinuous-current generators, by the British 
Thomson-Houston Co., one placed on 
each side of the fly-wheel. The diameter 
of the shafts of these engines is 22 ins., 
and the fly-wheels, which are built up in 
segments, weigh 36 tons each. The 
variation in speed does not exceed 23 
per cent. from no load to full load. In 
addition there is now one 500 kilo-watt, 
to be increased afterwards by two 1,000 
kilo-watt three-phase sets for the trans- 
mission of power to the sub-stations. 
These latter run at 94 revolutions per 
minute, and to each is directly coupled a 
5,000 volt, 32 pole, 3-phase alternator, 
the frequency being 25 cycles per second. 
These generators are of the revolving field 
type, the fields consisting of a cast steel 
ring of high permeability, with outwardly 
projecting poles of sheet iron bolted 
through the rings to the spider, which is 
keyed to the shaft. The fields are excited 
from the continuous current bus-bars at a 
pressure of 500 volts. 

In the engine-room are also located two 
lighting sets, each consisting of a two- 
crank tandem-compound high-speed verti- 
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cal engine coupled to a 75 kilo-watt 
compound-wound continuous-current 500 
volt generator, running at a speed of 400 
revolutions per minute. 

There are also two 15 kilo-watt boosters 
for use in connection with the rail return. 
These boosters are motor-driven, and run 
at a speed of about 1,000 revolutions per 
minute. The generator is designed and 
constructed as a series machine for pro- 
portional excitation, and, with a current of 
300 amps., the potential difference across 
the armature is 50 volts. The fields 
of the boosters are connected in circuit 
‘with the outgoing feeders and the arma- 
tures to the track return and the negative 
bus-bar, so that the amount of boosting 
is proportional to the amount of the 
outgoing current. For further regula- 
tion a shunt regulating rheostat is pro- 
vided. 

The engine-room also contains one 250 
kilo-watt rotary converter, similar to those 
installed in the sub-stations. This is 
installed in the engine-room for two 
purposes. It will either be operated for 
transforming alternating current to con- 
tinuous current, so as to assist in supplying 
current to the lines in the vicinity of the 
power station, or it may be used to assist 
the three-phase generator ; #.¢., it may be 
driven as a continuous-current motor, 
generating alternating current which will 
be stepped up to 5,000 volts and then 
transmitted and transformed at the sub- 
stations. For operating the rotary as a 
3-phase generator in the manner indicated 
a separate exciter is provided. This 
exciter consists of a series generator 
driven by an induction motor connected 
to the three-phase side of the rotary. 
This arrangement provides a compensating 
field and prevents variations in the speed 
of the rotary from variations in the load. 
The transformers used in connection with 
this rotary are placed in the engine-room 
basement. 

In the boiler room are ten Babcock & 
Wilcox boilers, each capable of evaporating 
11,000 lbs. of water per hour at a steam 
pressureof 150 lbs. per sq. in., with a draft as 
measured in the main flue equivalent to a 
column of water three-quarters of an inch 

in height. The total heating surface in 
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each boiler is 3,140 sq. ft. Each boiler is 
fired by a Vicars’ Automatic Stoker, the 
fuel being mechanically delivered from 
the basement level to the coal bunkers 
above the boilers by a conveyor. 

The flue is located above the boilers, and 
the gases are taken up to it by breeching 
pieces. It is constructed of steel plates, 
and is 150 ft. long and 6 ft. 3 in. wide, 
widening in height from 3 ft. to 13 ft. 6 in., 
from which point two branches go to the 
chimney. These branches are constructed 
of brick, and in one of these is placed a 
Green’s Economiser containing 360 tubes 
in one group of 36 sections. 

The feed-water softening plant is situ- 
ated outside the building and is capable 
of treating 10,000 gals. per hour. 

The condensing apparatus is located in 
the engine-room and consists of two sur- 
face condensers each containing 3,200 
sq. ft. of cooling surface. 

Cooling towers are provided for con- 
densation. These are of the twin type, 
arranged in three sections, covering a 
ground space of 40 ft. by 15 ft. by 38 ft. 
high. Air propellers are provided for 
each section, operated at 160 revolutions 
per minute by an electro-motor. 

The basement under the engine-room 
contains nearly the whole of the steam, 
exhaust and water pipes, together with the 
hotwell, pumps, feed-water filters, and 
feed-water heater. 

Want of space has prevented us dealing 
more exhaustively with this very interesting 
plant. We must, however, mention in con- 
cluding this necessarily brief survey, that 
the projects of the London United Tram- 
ways Ltd. have been considerably delayed 
by opposition in various directions, and the 
London County Council refused for a long 
time to permit the adoption of the over- 
head trolley system. We are glad to be now 
able to compliment the company upon the 
successful prosecution and realisation of 
their most laudable enterprise, which will 
exercise an important influence on the 
questions of overcrowding and congestion 
of traffic. What remains to be done is to 
create similar trunk lines on every side of 
the metropolis, and to add largely to 
underground traffic facilities in the central 


area. 
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American Engines in 
British Power Stations. 
THERE was much discussion in engin- 

eering circles throughout the country when 
the Glasgow Corporation were advised to 
instal American engines in their Tram- 
ways Power Station. The reason given 
by the Corporation for so doing was that 
only American engines could be got ready 
in time for the opening of the Exhibition. 
The promise, however, that the engines 
would be ready was not fulfilled, for on 
the inauguration day of the Power Station 
it was found that the oiling arrangements 
were imperfect, and the home-built aux- 
iliary engines had to be started to supply 
the tramway system with power. 

The American engines, moreover, were 
not soon put right, and it was later found 
necessary to send for the chief expert of 
the company which supplied them to come 
and see to the matter. Mr. Young, the 
tramways manager, says, in his report 
of May 31st, the inauguration day of the 
Power Station being April 24th. “ Neither 
of the Allis engines being able to run for 
any length of time without heating. .. . 
The defects are chiefly in connection with 
the oiling arrangements. . . . The chief 
expert of the Allis Company having taken 
the overhauling in hand on the 16th inst.” 

It was unfortunate that the American 
engines could not be got ready in time, 
for Bailie Ferguson said, when the order 
for them was under discussion, that 
the Corporation would lose £100,000 
if the engines were not ready in time. 
The £100,000 had to be saved by the 
home-built engines after all. 

It is not yet known whether the American 
engines at Glasgow will stand the work as 
well as the English-built engines’; for the 
first engine only started on May 31st, 
and there has as yet been no time to gain 
experience as to their consumption of 
steam and oil or as to their endurance. 

Though there has been no time to 
come to any conclusion about the Glasgow 
engines, there are American engines else- 
where doing the same class of work, and 
these have been long enough in operation 
to enable engineers to form some opinion 
as to their qualities. 
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At these other stations the engines 
have been on trial for some time, and 
we have indisputable evidence that they 
give considerable trouble. 

The chief defects appear to be in 
connection with the cylinders. 

In one case, about two months after 
a set had begun working, the cylinder 
walls were found to be badly scored and 
rutted. This became so bad that the 
engines had to be stopped down and 
measures taken to remove the ruts and 
scores. 

The trouble, however, continued, with 
the result that each dressing up became 
worse and worse, and at the end of twelve 
months the corrective measures became 
ineffective, and to smooth the surfaces 
it became then necessary to put in the 
boring bar. 

Engines constructed in this country for 
our mercantile marine and land services 
will run constantly for 11 to 12 years 
before reboring becomes necessary. It is 
evident that the material used in the 
cylinders of the American engine is quite 
unsuited for wearing surfaces. Again the 
workmanship is in some instances so bad 
that no inspector or foreman of a work- 
shop in England would have passed it. 
Many pieces of the engine would be im- 
mediately condemned. 

In another set are a couple of bearings 
for carrying a shaft. In boring them out 
the drill had run right out of centre, and 
it was apparent that the work had been 
stopped before the drill had gone right 
through and the boring commenced from 
the other end. Only an inch of true 
bearing surface had been left at the end 
of the bearing for the journal to work 
on. Yet this had been passed. This 
is only one case of bad workmanship: 
many others have come to our knowledge. 

The fitting is bad, too. To give an 
instance of that: in one case the cylinders 
were not in line with the cross head of 
the piston rod, and the crosshead had to 
make its own bed, and while making 
its own bed unduly subjected the rod and 
cylinder parts to strain. 

Truly Power Station engines, like 
American locomotives, have been weighed 
in the balances and found wanting. 
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Edison’s New Storage 
Battery. 


NEARLY two months have elapsed, at 
the date of writing these lines, since 
Dr. Arthur Kennelly, in a paper read 
on May a2tst before the meeting of the 
American Institute of Electrical Engineers, 
so to say semi-officially, brought to the 
notice of the scientific world the invention 
of a new type of storage battery by Mr. 
Thomas Alva Edison, and it is a significant 
fact that, notwithstanding this lapse of 
time, the majority of responsible scientific 
‘ and technical periodicals still continue to 
maintain a more or less sceptical attitude 
regarding the subject, and seem to avoid 
the question as to whether any really 
important advance in the construction of 
accumulators has been achieved or not. 
If a paper on so important a subject as 
that to which Dr. Kennelly’s report was 
devoted had been transmitted to us from 
Berlin, Paris, St. Petersburg, Vienna, 
Rome, or any of the other European 
centres of civilisation, it would have been 
accepted instantly and without hesitation 
as a bond fide statement of facts, and com- 
mented upon and discussed in the columns 
of every publication dealing with electricity 
or its applications. Coming from New 
York, however, and having reference to Mr. 
Edison, even the most plausible account 
at once puts us on our guard, and the first 
question which we address to ourselves 
usually is—Of what dimensions will the 
proverbial grain of salt have to be to render 
the text palatable and worthy of serious 
consideration? It is by no means our 
desire to accuse Mr. Edison of deliberate 
prevarication, nor to intimate even that 
all his statements are untrustworthy. On 
the contrary, we would accept without a 
moment’s hesitation any “statement of 
fact” personally vouched for by him. 
Newspaper reports, however, be they in 
the form of an interview or in any other 
form, even if they have all the appearance 
of being authorised by him, are of late 
years treated by all reputable technical 
papers, in this country as well as on the 
Continent, as non-existent, and even much 
of v’ at appears regarding Mr. Edison’s 
achievements in the transatlantic technical 
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papers—with the exception of a few whose 
reputation for reliability is well deserved 
—is accepted only with the greatest 
caution. It is a pity that this should be 
so, but the frivolity with which the most 
serious subjects are treated, in the political 
press as well as in a vast number of 
technical papers in the United States, 
renders any other attitude impossible. As 
far as Dr. Kennelly’s paper is concerned, 
of course, the European press has scarcely 
any reason to treat the contents as spurious ; 
their authenticity appears to be beyond a 
doubt, and, therefore, if but few have 
cared, so far, to discuss it, this is due in 
the first place to the fact that the very 
name of Edison, in consequence of the 
manner in which it has been again and 
again misused, for a time at least throws 
suspicion upon anything and everything 
with which it is connected; and, in the 
second place, the merest glance at the con- 
tents shows that, whatever may be said re- 
garding the facts, the passages intended to 
explain them, and everything of a theo- 
retical nature in the text, plainly indicate 
that whatever Mr. Edison may have 
achieved was achieved by the well- 
known Edisonian method of making 
experiments at random. Mr. Edison, 
as_we all know, has a fine contempt 
for scientific methods, and, above ll, 
for mathematics. He prides himself that 
he can “guess better than mathema- 
ticians can calculate,” and considers the 
rule of thumb greatly superior to the rule 
of three. His inventions appear to him 
to be evolved from his fertile brain, not 
by the accident but the art of guessing, 
and to his friends and admirers as almost 
divinely inspired. Neither he nor they 
appear to realise that in his haphazard 
guessing, after all, he is led—let us for 
charity’s sake assume “ unconsciously ”— 
by the results obtained in consequence of 
years of earnest study by carefully dis- 
ciplined thinkers. We. are informed by 
Dr. Kennelly that Mr. Edison’s latest 
achievement consists in having succeeded 
in the designing a secondary battery 
but little subject to deterioration by 
work, having a far greater storage capacity 
per unit mass than the lead accumu- 
lator at present in use, capable of being 
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charged and discharged, if desired, with 
great rapidity, having little to fear from 
careless treatment, and last, but not 
least, being not more expensive than the 
far less efficient lead accumulator. To 
give more exact data, the weight of Mr. 
Edison’s battery is but 53°3 Ibs.. per 
electrical horse-power per hour at its 
terminals ; which means that, assuming all 
its energy to be consumed in counter- 
acting gravity, it could raise its own weight 
vertically through a distance of seven 
miles. This, according to Dr. Kennelly, 
would mean an efficiency considerably 
more than twice as great as that of the 
ordinary lead accumulator. “In practice,” 
he says, “the storage energy per unit mass 
of the modern lead battery is from four to 
six watt-hours per pound of battery. 
Expressed in another way, a (lead) battery 
weighs from 124°5 to 186°5 lbs. per horse- 
power hour at its terminals; or, if its 
stored energy available at terminals were 
all expended in gravitation work, such a 
battery could raise its own weight through 
a distance of from two to three miles.” 
Here, then, we have a typical instance of 
what renders American so-called scientific 
literature so-unsatisfactory and compara- 
tively useless unless constantly checked by 
more reliable data, namely the tendency 
to overstate the efficiency of whatever 
may be the instrument or method com- 
mended to our attention, and the unfair 
treatment of all rival inventions or devices. 
Both Mr. Edison and Dr. Kennelly must 
be fully aware of the fact that well- 
designed lead accumulators are not re- 
stricted to an efficiency of from 4 to 6 
watt-hrs. per pound, but that 8 watt-hrs. 
per pound is quite an ordinary figure, and, 
although we have no desire to accept 
without unimpeachable proof the state- 
ment of Mr. Edison’s compatriot, Mr. J. K. 
Pumpelly, of Chicago, who asserts that, 
according to tests made by Messrs. Pierce 
and Richardson of that city, a light battery 
suitable for automotors has been devised 
which will give from 14 to 16 watt-hrs. per 
pound, and of which 60 lbs. suffice for one 
electrical horse-power per hour, a state- 
ment probably as inaccurate as that of 
Dr. Kennelly regarding lead accumulators, 
there is little reason for doubting that the 
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efficiency of the Lecoll cell is equal to 
12 watt-hrs. per pound ; the only question 
being whether this efficiency is not 
neutralised in value by its liability to 
deterioration. When we come to inquire 
into the ways and means by which 
Mr. Edison claims to have obtained a 
battery having the very high efficiency of 
14 watt-hrs. per pound, we learn that the 
result is achieved by a cell in which an 
alkaline liquid is used, and which, though 
Dr. Kennelly does not mention the fact, 
appears to have a great family resemblance 
to that devised not so very long ago by 
Mr. Jungner, a Norwegian electrician, in 
which an alkaline solution is used with 
iron or nickel on one hand, and silver on 
the other. In Mr. Edison’s battery, the 
negative pole, corresponding to the spongy 
lead of a lead accumulator, is iron; while 
the positive pole, corresponding to the 
lead-peroxide of the lead battery, is super- 
oxide of nickel, for which Mr. Edison 
assumes a constitution corresponding to 
the formula Ni O,. The electrolyte is 
potash, #.¢., an aqueous solution of 20 per 
cent. of potassium hydroxide (having a 
freezing temperature of 20 degs. below 
zero Fahr., or — 30 degs. C.). As regards 
the conductivity of this 20 per cent. 
alkaline solution, it differs not so much 
from the acid solution in the lead accumu- 
lator, the ratio being three to two; buta 
noteworthy difference between the two 
solutions is that, unlike the acid solution, 
that of potash does not enter into chemical 
action with the active materials on either 
plate, and, unless caused by careless over- 
charging, the density remains unaltered 
throughout the cycle. The potential 
difference at the terminals in Mr. Edison’s 
battery, therefore, ought to give important 
indications regarding its inner working, 
and it is rather strange that no charge 
and discharge curves for the various rates 
have as yet been published or even hinted 
at. We are mformed that, directly after 
charging, the p.d. is 1°5 volts, while the 
mean voltage of full discharge is about 
1‘1 volts ; but the discharge-curve is of far 
greater assistance in permitting us to form 
a judgment, and it would be strange if its 
omission should be due merely to accident. 
The constancy of the alkali percentage 
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should not be overrated nor taken as 
sufficient to eliminate the important issues 
connected with diffusion which have re- 
ceived such careful attention in lead 
accumulators, for this constancy is known 
to hold good only as far as the whole 
liquid is concerned, and does by no 
means necessarily imply constancy in 
every part of it, since local variations of 
density, to judge from experience, accom- 
pany invariably the passing of the ions 
between the electrodes, and similar is the 
result of the oxidation and reduction 
_ occurring at the latter, though there are 
certain features in the construction of 
Mr. Edison’s battery which most likely 
will reduce local variation to a minimum. 
*“No local action,” says Dr. Kennelly, 
‘occurs in the cell so far as has yet been 
observed, since the electromotive force is 
below that necessary to decompose water.” 
Even if we take for granted what-can only 
be proved by experience, and moreover, 
only by the experience of more than one 
investigator, that there ‘really is no local 
action between the nickel-steel plates and 
the (positive or negative) action briquettes 
—for there is something plausible in the 
assumption that local action is very 
minute in a potash cell—by what course of 
reasoning has Mr. Edison or Dr. Kennelly 
arrived at the idea that this is due to 
e.m.f. being so low as not being able to 
decompose water? Both of these gentle- 
men must know that in a zinc-copper 
element, although their combination does 
not suffice to decompose water, local 
action is by no means absent. In theory 
Mr. Edison, as he himself will readily 
acknowledge, has never been very strong ; 
but this would detract nothing from the 
great value of his invention if the results 
obtained are such as described. Before, 
however, convincing investigators on this 
side of the Atlantic that such is the case, 
Mr. Edison will have to authorise his 
spokesmen to be somewhat more explicit 
in their revelations of data, and, in con- 
sequence of past experience, have to 
excuse them for not readily attributing to 
accident omissions of graphic illustration, 
the importance of which cannot have 
escaped him, and still less his scientifically 
trained assistants. 








Dominion and 
Commonwealth. 


ConTINENTAL and Transatlantic critics 
are in the habit of expressing their opinions 
of us with tolerable freedom, and from 
one point of view with evident sincerity. 
Our European neighbours are not much 
embarrassed by the punctilious rules of 
politeness that are supposed to flourish 
on the Continent when practising to our 
detriment the freedom of speech which is 
not generally permitted in respect of their 
own domestic affairs. We are said to be 
wicked and brutal, but such terms are 
expressive of little more than envious 
admiration. Our American cousins, who 
once used to feel somewhat acutely the 
patronising way in which they thought we 
regarded them as a young nation, are now 
adopting a tone of sympathetic patronage 
towards us in our supposed decadence. 
In the United States free speech is a fine 
art, and its exponents excel when dilating 
upon the wonderful industrial develop- 
ments exhibited in that country during 
recent years. 

Foreign Criticism and the Unity of the Empire. 

To critics of either class it is always 
England that is singled out for ill-natured 
animadversion in one case, or for friendly 
disparagement in the other. The British 
Empire is rarely mentioned, and does not 
appear to be realised. European nations 
who establish military and official adminis- 
trations over tracts of foreign country 
which they believe to be colonies, cannot 
be expected to understand the relations 
existing between the Mother Country and 
the veritable Nations to which she has 
given birth, or to appreciate the fact that 
liberty and justice unite with patriotism to 
bind together the separate States of the 
Empire. Americans, although more en- 
lightened, are apt to expatiate too much 
upon the signs of decay assumed to be 
exhibited by England, and to lose sight of 
the fact that the British Empire includes 
young as well as old countries, thus pos- 
sessing all the elements necessary for the 
constant renewal of its youth. 


Canada and Imperial Patriotism. 
We may well point to Canada, first-born 
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amongst new nations of Anglo-Saxon 
origin owning allegiance to our King, as 
exemplifying this wonderful power of 
recuperation, and the new and wider 
patriotism that is now so_ universally 
evidenced. A generation has passed 
since Canadian Federation became an 
accomplished fact, and those who were 
instrumental in securing this desirable 
consummation could hardly have antici- 
pated the astonishing success that has 
followed their efforts. 

The recent celebration of “ Dominion 
Day” serves as a reminder of the vast 
progress made during the past 34 years 
by the confederation of States known as 
Canada. Great industries have been 
established in that favoured land, track- 
less wastes have been transformed into 
corn and fruit-producing areas, hidden 
sources of immeasurable mineral wealth 
have been opened up, centres of intellec- 
tual knowledge have been established, 
and a population has been raised of 
energetic, educated, and law-abiding 
people, yielding to none in their deter- 
mination to promote the interésts of their 
own native land, and of the great empire 
of which that land is one of the most 
conspicuous ornaments. The proposals 
now before Imperial Parliament to provide 
for more effective national defence are 
attracting much attention in Canada at 
the present time, and the manner in which 
the Motherland continues to take upon 
her shoulders the chief burden of empire 
excites unbounded admiration. At the 
same time, it is felt that such a condition 
ought not to be permanent, and there is 
much discussion in various quarters on 
the question of national defence and the 
relation of Canada thereto. Canadians 
are beginning to understand more fully the 
prominent place which they must neces- 
sarily hold in the Empire and in the 
world. Already the question is being 
asked whether the time has not come 
when the defence of Canadian shores, at 
least, should not be entrusted to the local 
Government. That such subjects are 
being seriously discussed is a more than 
sufficient indication of the future con- 
solidation and strength of the British 
Empire. 
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The Australian Commonwealth and 
Imperial Military Service. 

No less welcome is the reminder that 
equal loyalty and patriotism are to be 
found at the opposite side of the world. 
An interesting telegram is published, as 
we write, from the Federal Premier of the 
Australian Commonwealth. In this com- 
munication Mr. Barton, in the name of the 
Federation, sends greeting to the Empire 
on its- happy birthday. His Majesty’s 
Government, in return, send “ hearty good 
wishes to the Commonwealth of Australia 
on its first anniversary” ; and this inter- 
change of compliments will have the effect 
of emphasising the position of the gth of 
July amongst those dates that will ever 
live in the memories of true sons of the 
Empire. A happy coincidence is that on 
the same auspicious day a motion was 
made in the Federal House of Repre- 
sentatives in favour of the second reading 
of the Defence Bill, a measure providing 
that all males between the ages of 18 and 
60 shall be liable to military service for 
the national defence. In ordinary times 
the forces of the Commonwealth are to be 
maintained by voluntary enlistment, and 
will be liable for active service both within 
and without the country ; but in cases of 
emergency the Governor-General will have 
power to call out any portion or the whole 
of the reserve forces, which are not to be 
liable for service outside the boundaries 
of the Commonwealth. As we have before 
remarked, Continental critics are wonder- 
fully well informed as to the misdeeds of 
our nation, and especially, we may add, 
as to those that have never happened. 
We shall look, but probably in vain, for 
comments on the magnificent loyalty exist- 
ing between all members of the family of 
nations assembled beneath the British flag. 


Unity and Industrial Prosperity. 


We have not referred specifically to the 
bearings of this happy unity to industrial 
prosperity, and the point is one on which 
much might be said. Vast industries are 
springing up in many of our newer terri- 
tories, all of them contributing to Imperial 
wealth, whilst food supplies and raw ma- 
terials are produced in immense quantities 
by others. These things all show that 
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whatever may be the future condition of 
Great Britain, the united Empire is cer- 
tainly destined to become, if it is not 
already, an entirely self-supporting institu- 
tion. This view finds few advocates in 
the United States, where it is the fashion 
to make use of Great Britain as a foil to 
set off the superiority of the former country. 
Very little is ever said about Greater 
Britain. In our opinion there is ample 
vitality in the Old Country yet; and we 
venture to predict that the closer union 
and future development ofall the members 
. of our Empire will bring forth results that 
will considerably astonish the world at no 
distant period of time. 


» 
The Philosophy of 
Reversible Records. 


SoME of the most startling discoveries 
in science, however unexpectedly they 
may come upon us, and however scep- 
tically we may receive the first news regard- 
ing them, are treated by us, after a short 
time, as ordinary matters of fact and as 
self-understood. That whatever happens 
leaves a permanent record ; that the walls 
of a room keep registered the words that 
have been spoken in it; that they bear 
the impress of the scenes they have 
witnessed, and the features of the actors 
in these scenes; that the new does not 
obliterate the old, but is merely super- 
imposed, and that stratum after stratum 
may be added without effacing what 
underlies it, leaving it legible to whoso- 
ever shall acquire the cunning of reading 
it—all these and similar propositions will, 
owing to their concrete wording, seem to 
many to be phrases without meaning, words 
chained together not to express, but to 
obscure thought. Yet a few moments of 
meditation, after setting aside all bias and 
preconceived opinions regarding what is 
possible or not, would plainly show that, 
theoretically at least, there is no reason 
why, under given circumstances, the very 
earliest records, automatically registered 
by the events themselves, should not be 
as accessible to the X-rays of some specially 
endowed mind, as are those that form the 
surface-stratum ; nor is there any reason 
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why this sub-stratum should not occasion- 
ally be brought to the surface. 

The truth that the record of events 
remains, and, though growing gradually 
fainter to the ordinary eye, may at any 
moment be revived in its pristine clear- 
ness by restoring the conditions of its first 
appearance, is but the unavoidable con- 
clusion of the philosophical formula that 
“‘ what has been is, and that what is will be.” 
Metaphysical reasoning, however, logical 
though it may be, has ceased to be accepted 
as authoritative by our generation, and 
fortunately so, for the extraordinary theories 
evolved from their own minds, without the 
guidance of experience, by some of the 
philosophers of the pre-Kantian era were 
certainly sufficiently near to the illusions 
of the insane, to discredit the very name of 
philosophy. Notwithstanding the identity 
of mental and material phenomena, the 
necessity of empirical confirmation in our 
search after truth is undeniable. We 
demand nowadays the concrete proof 
of experiments that can be repeated 
by cach and all, rendering it unnecessary 
to accept on trust what can be felt and 
seen, and the philosophical dicta above 
given have been verified by discoveries 
that will convince even the dullest. The 
crédit for the most interesting of these 
discoveries belongs to Professor Nernst, 
the distinguished German electro-chemist, 
and to one of his brightest disciples 
apparently, Herr von Lieben, both of 
whom have arrived independently at the 
conclusion that the variation in the effec- 
tive resistance of an electrolytic circuit 
produced by the physical disintegration of 
an electrode—i.e. its galvanic polarisa- 
tion, due to the action of a microphone 
current, representing transformed sound 
waves—might be a record capable of 
being used for the reproduction, by re- 
versal, of those sound waves. ‘The start- 
ing-point for the train of thought leading 
to this assumption was, as the reader will 
have guessed, Poulsen’s magnetic phono- 
graph, which reproduces speech with 
marvellous clearness and distinction, and 
in which the inventor, instead of using a 
soft substance mechanically deformed by 
the impression of a sharp point of metal, 
as in Edison’s instrument, employs the 
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magnetic effect of the microphone-current 
upon a magnetically-deformable substance, 
7.e.,a band of steel, for the reproduction of 
the sounds originally transmitted. This 
ingenious invention naturally suggests that 
any other kind of permanent change caused 
by and proportional to the variation of a 
microphone current due to sound waves 
might in the same way serve for the rever- 
sion of the process and restoration of the 
sound originally transmitted ; and since 
both Professor Nernst and Herrvon Lieben 
are engaged in electro-chemical researches, 
the idea occurred to them, as above stated, 
to try the change in an electrode caused 
by galvanic polarisation. In the actual 
experiment, described in the Zeitschrift 
jiir Elektrochemie, an endless belt of 
platinum, running over two rollers and 
continuously kept in motion by a motor 
so as to render the variable polarisations 
separate, was polarised by a microphone 
current. As electrolyte,a wooden wedge 
was used, which was saturated with a con- 
ducting liquid held in a glass trough fur- 
nished with an electrode. The current 
was supplied by a microphone included 
in the primary circuit of a transformer, in 
which circuit were also five accumulator 
cells. For receiving, the apparatus first 
mentioned was connected with the second- 
ary coil of the transformer, while for repro- 
duction it was connected to a telephone. 
The reproduction of the voice sounds 
succeeded perfectly, and the polarised 
platinum band could be used several times 
before the volume of sound underwent 
any notable diminution. A very interest- 
ing feature—quite unexpected, moreover— 
was the fact that a current had to be kept 
in the telephone circuit, and that, within 
certain limits, the loudness of the sound 
was proportional to the strength of this 
current. This discovery caused some 
doubt regarding the nature of the change 
occurring in the platinum belt, since it 
showed that it could not be polarisation 
alone. The authors favour the assump- 
tion that the change is due to alteration 
of polarisation capacity. 

Experiments made by Herr von Lieben 
with various kinds of electrolytes, and the 
use of discs of copper and other metals 
instead of the band of platinum, resulted 
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in more or less successful reproduction of 
the spoken words, and confirmed the 
correctness of the general principle. The 
impress produced on the metal disc can, 
according to the discoverers, be obliterated 
by pressing against it a pad soaked in acid, 
or, still better, by rubbing it with very fine 
emery paper. 

While Professor Nernst and Herr von 
Lieben have enriched science by demon- 
strating the fact that the change of polarisa- 
tion capacity produced in an electrode 
may serve for phonographic reproduction 
or the sounds that indirectly caused it, 
another German experimenter, Herr E. 
Ruhmer, publishes in a technical con- 
temporary, entitled Der Mechantker, a suc- 
cessful experiment of reproducing spoken 
words, or other sounds, from the photo- 
graphic records of thesound vibrations, thus 
giving an additional and even more striking 
confirmation of the philosophical theory 
referred to in the beginning. Good photo- 
graphic records of the impressions on 
ordinary phonographic cylinders and of 
sensitive flames have been obtained by 
various investigators, but to Herr Ruhmer 
belongs the credit for reproducing in a 
very ingenious manner from such records 
the sounds that caused them. His method 
consists in photographing a “speaking 
arc,” or some other type of sensitive flame, 
on a moving film and afterwards repro- 
ducing the sound by projecting light 
through this film on to a cell of selenium 
in circuit with a battery and telephone. 

The electric conductivity of selenium 
increases, as is well-known, in accordance 
with the quantity of light thrown upon it 
and the variations of the amount of light 
transmitted through the photographic film 
cause corresponding variations of sound 
in the telephone. It is reported that by 
Herr E. Ruhmer’s device the spoken word 
is reproduced with even greater clearness 
and accuracy than by Poulsen’s telegra- 
phone. There are, moreover, two great ad- 
vantages this novel phonograph possesses 
over other types, the one being that there 
is practically no limit to the length of the 
film, and therefore to the number of the 
spoken words that can be recorded, while 
the other is that any number of prints, 
absolutely equal in value to the original 




















Leaders. 


for the purpose of reproduction, can be 
taken off the film, and, ‘like the latter, 
being extremely light and portable, furnish 
records far superior to the ordinary cylin- 
ders and to telegraphone wires. 


» 
~ Proposed Electrical 
Museum. 


THE Institution of Electrical Engineers — 


has recently issued a circular to its mem- 
bers, informing them of the intention of 
the Council to begin the formation of a 
museum of objects and apparatus not now 
' in commercial use, and possessing interest 
in connection with electrical science and 
its application. 

They observe that many members pro- 
bably -have in their possession apparatus 
or specimens of the types: required, and 
that there is considerable danger that in 
the course of time they may become 
dispersed and entirely lost sight of, unless 
steps be taken to guard against such a 
contingency, and that obsolete apparatus 
is very likely to be destroyed, or otherwise 
got rid of, for want of storage room. 

In order to prevent the irretrievable 
loss to the profession of the many objects 
of historical interest that are still in 
existence, the Council invites members 
and their friends to cooperate either in 
the collection or in the tabulation of such 
apparatus as may be available. 

In order to facilitate this work, two 
schedules have been enclosed with the 
circular, one on which entries are to be 
made of apparatus offered to the Institu- 
tion, and one on which information can 
be given of collections which the owners 
still desire -to retain, but which are of 
sufficient interest to justify their being 
tabulated, and recorded in the archives of 
the Institution. 

It is stated that the authorities of the 
South Kensington Museum have promised 
to receive such of. the objects as may 
appear to be of sufficient public interest, 
as a loan collection from the Institution, 
until such time as the Institution is in a 
position to exhibit them in a house of its 
own. 

A museum formed in the projected 
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manner, with the exercise of sound judg- 
ment in selection, should be of the 
greatest interest and value, and we take 
the opportunity of suggesting to our large 
circle of readers that any of them who are 
able to afford assistance should write for 
schedules to the Secretary of the Institu- 
tion of Electrical Engineers, 28, Victoria 
Street, London, S.W., who will be pleased 
to forward them. The Council particu- 
larly request that objects offered to the 
Institution should not be forwarded until 
intimation is sent that the Council is in a 
position to receive them. 


x» 
British Engineers and 
Polyphase Working. 
SoME few months ago, on the occasion 
of the reading of a paper by one of our 
younger engineers, on Polyphase Sub- 
Station Machinery, before the Institution 
of Electrical Engineers, one of our 
technical contemporaries gave utterance 
to some caustic, but perfectly justifiable, 
criticisms on the ignorance of polyphase 
working, and the groundless prejudice 
against it, which had been exhibited by 
most of our electrical engineers. ‘l'here 
are, however, a good many exceptions, 
mainly, as was to be expected, among the 
younger members of the profession, who 
have made themselves more or less 
familiar with polyphase methods, and 
have realised its advantages for factory 
working, with the welcome result that we 
have in this. country more factories 
equipped with polyphase machinery, and 
of a greater aggregate horse-power, than 
either the United States, Germany, 
Austria, or Switzerland, which take the 
lead in its manufacture. In a paper 
recently read before the Birmingham 
section of the Institution of Electrical 
Engineers, Mr. W. Wyld gives an interest- 
ing comparative table of Polyphase factory 
plants now at work, which we have 
re-arranged below in descending order of 
aggregate horse-power. 
TABLE OF POLYPHASE PLANTS NOW IN USE. 


Russia... 16 plants, aggregating 12,700h.p. 
Italy ocal ee p $6 12,035 ;, 
England... 16 i " 9,450 5, 
Germany I5 ‘i ‘és 7,685 ,, 
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U.S.A. 5 plants, aggregating 7,130 h. p. 
Switzerland 9 *. “ 5,850 ,, 
Sweden... 2 ” ” 4,105 ,, 
Belgium... 6 ‘ ” 35559 », 
France ... 8 ‘9 ” 2,182 ,, 
Austria 4 99 ” 1,555 »» 
Spain... I - ”” 1,300 ,, 
Holland... 1 ” 459 


” ? 

So far it might appear that there was 
subject for self-congratulation in being in 
advance of our principal trade rivals. We 
should, however, be strangely easy to 
please if we continued to congratulate 
ourselves after looking further into the 
matter, for we find that but very little of 
this machinery is of home manufacture. 
The reason is not far to seek. Foreign 
manufacturers, foreseeing the demand, 
have been ready for it, while our makers 
have followed their own time-honoured 
method of waiting to follow the demand 
in place of preparing for it. The result 
is, in this as in so many other cases, that 
the foreign manufacturers easily underbid 
our own both in. price and quickness of 
delivery. 

The prejudicial effect of this antipathy 
to anything novel was not very apparent 
when all were acting in the same way. 
Now, however, we have to encounter 
strenuous competition from countries 
where managers of great engineering 
works are selected, not because they are 
the sons of their fathers, but because they 
understand their business ; and when this 
is the case anything which looks like an 
improvement is immediately investigated, 
and if found to be so, is adopted. 


’ 


Electric Traction and 
Electrolysis. 

In a recent issue, Zhe Electrical Review 
has attempted to dispose of the charges 
which we had occasion to bring against 
some of our electrical contemporaries, 
when we wrote on the above subject in 
our June issue. We are glad to see that 
our contemporary has felt compelled to 
endeavour to vindicate itself, but we 
cannot congratulate it on having met with 
success. Its only success is in having 
entirely evaded the point at issue. After 
stating the nature of the charges we made, 
the principal one being that Professors 
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Perry and Ayrton had been accused of 
abusing their positions as past-presidents 
of the Institution of Electrical Engineers 
by giving evidence in favour of gas and 
water companies before Parliamentary 
Committees-—our contemporary dismisses 
them in one sentence, which charges us 
with want of information, and _ then 
proceeds to criticise the evidence which 
these two professors gave. Now, if the 
writer of the article will read our remarks 
again, he will see that we abstained from 
making any comments, either in the 
nature of approval or of disapproval, on that 
evidence. Our arguments on the merits 
of the case were quite apart from that 
evidence. But we did protest against 
these two gentlemen being accused of 
abusing the positions they had _ held, 
simply because they, rightly or wrongly, 
disagreed with other electricians on this 
question of electrolysis, and thought it 
right to express their disagreement. We 
may recall the actual words used by our 
contemporary. In the issue for April 19, 
these words appeared :— 

**Tt is certainly to be deplored. . . that two 
such well-known men as Professors Ayrton and 
Perry should give evidence against the industry 
they are supposed to represent. 

** There is, we fear, little reason to doubt that 
it was their titles as president and past-president, 
and not their evidence or the experience on which 
this evidence was founded that induced the House 
of Lords ‘to insert the obnoxious clause. It is 
precisely this fact which makes the matter so 
serious. © 

Our contemporary makes no attempt to 
justify this direct charge. What, to our 
mind, is really to be deplored, is that such 
a false conception of the functions of the 
I. E. E., as is shown by the words we have 
italicised, should be possible. If its 
members begin to look upon it as a 
trade union, with the President as chief 
policeman, we can prophesy rapid dete- 
rioration. We need not, however, dwell 
on this point, as it has unwittingly been 
completely contradicted by our contem- 
porary itself in this later issue, where it 
points out that professors in colleges are 
incapable of judging properly in practical 
questions. Why have so many unpractical 
men been elected to the presidency, if 
thereby they become the chief representa- 
tives of the practical industry ? 
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“We set foot in a field that is crowded by thinkers, men whose 
restless spirits seek ever to set the confines of the known further and 


further forward!” 


now so numerous in this country 

as they were ten years ago -But 
amongst them must be counted Mr. Webb 
of the London & North Western Rail- 
way, and he has good reason for the 
faith that is in him. 

Mr. Webb has succeeded in making 
engines of this class do excellent work 
and give great satisfaction on this important 
railway. The engine “ Black Prince,” of 
quite a new type, is one that may, in its 
present state, be regarded as representing 
his latest practice in compounds, designed 
for express passenger traffic. We are 
indebted to Mr. F. W. Webb, chief mechani- 
cal engineer of the London & North- 
Western Railway, for working drawings, 
photograph, and all particulars of this 
very handsome engine (See Fig. 1). 

The “ Black Prince” has four cylinders, 
two low-pressure of 204 ins. diameter— 
originally 195 ins.—by 24-in. stroke, they 
are placed inside the frames, and are 
22 ins. apart from centre to centre. (See 
Fig. 3.) The high-pressure cylinders are 
fixed outside the frames, and are 6 ft. 8 ins. 
apart from centre to centre; the centre 
line of cylinder and connecting rod is 1 ft. 
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JA Bit of Locomotive Practice of the 
London and North-Western Railway. 


By JAS. HORSFALL. 
& @ 


ELIEVERS inthe compound principle, 
as applied to locomotives, are not 


3 ins. outside the frame. The coupling 
rod is placed between the wheel and the 
connecting rod. From centre to centre of 
coupling rods across the engine is 5 ft. 
11? ins. The high-pressure cylinders are 
15 ins. in diameter by 24 ins. stroke, the 
same as that of the low pressure. The 
cylinders are all in line at the front end of 
the engine, shoulder to shoulder, as it 
were ; they are horizontal, and are placed 
beneath the smoke-box. (See Fig. 2.) 
From centre line of driving axle to front face 
of high-pressure cylinder is 11 ft. 74 ins. 
All cylinders are connected to the same 
axle ; the low pressure drives the inside 
crank arms, and the outside cranks are 
driven by the high-pressure cylinders. 

The front end of the engine is carried 
by a four-wheel double-radial truck, the 
wheels being 3 ft. 9 ins. diameter. The 
driving and trailing wheels are 7 ft. 1 in. 
diameter ; the trailers are coupled up in 
the usual way. 

The inside and outside crank-arms on 
one side of the engine, are exactly opposite 
to each other, as are also the cranks on 
the other side. The left-hand is the lead- 
ing crank. The inside cranks are at right 
angles to each other, thus. it will be seen 
that each of the four centres is occupied 
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by a crank pin, which is urged on its 
course by direct steam pressure. So that, 
with the means of steam admission given, 
he who runs the engine may read, that 
there is not much chance for the “ Black 
Prince” ever sticking on a dead centre. 

The driving crank is of the built-up 
type, and the inside pins are hollow, having 
a 2-in. hole passing through their entire 
length; their diameter is 7? ins. Each 
crank is balanced on its own account. 
The outside crank bosses in the wheels 
are of disc form, balanced. In this way 
the usual counterbalance weights between 
the spokes at the rim of the wheel are 
entirely done away with. The driving and 
trailing wheels are connected by coupling 
rods of I section. 
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the engine. The framing is cut away just 
in front of the smoke-box to allow room 
for the working of the lever. (See Fig. 2.) 
The amount of movement given to the 
high-pressure valve is governed by the 
position of the fulcrum pin, which is 
carried by the framing. The low-pressure 
valve is driven direct by the valve gear, 
and the high-pressure valve receives its 
motion at second-hand, as it were, from 
the low-pressure spindle. The inside and 
outside cranks on the same side being 
placed diametrically opposite to each other, 
the movement of the valves 1s suited very 
nicely by the arrangement indicated. The 
low-pressure valves are flat and balanced, 
they are placed above the cylinder and are 
horizontal ; the high-pressure valves are also 





FIG, 
LONDON AND NORTH-WESTERN RAILWAY: 7-FT. COMPOUND EXPRESS PASSENGER ENGINE “BLACK PRINCE,’ 


A very ingenious point in this engine 
is the arrangement made for working the 
slide valves, of which of course there are 
four. Joy’s valve motion is used. One set 
of motion drives the two valves for one pair 
of cylinders, both high and low-pressure 
on each side of the engine. In order to 
do this, the inside low - pressure valve 
spindle is carried right through the steam 
chest, and the projecting end carries a 
crosshead, which gears with one end of a 
lever of the first order. “ Lever of the 
first order,” by the way, sounds rather 
academic. The other end of this lever 
also carries a crosshead, which in turn 
gears with the valve spindle of the outside 
high-pressure cylinder on the same side of 


I. 





horizontal, but dre of piston form. The 
great advantage of this arrangement of 
valve-gear is that it allows of large outside 
bearings on the driving axle and also a 
a central bearing 7 ins. long. 

It is satisfactory to learn that there are 
people bold enough to try the piston form 
of valve once more. It has many advan- 
tages, and works very well at sea, where of 
course it is always placed in a vertical 
position. It remains to be seen whether 
it can be applied with success to work 
horizontally on locomotives ; the answer 
would appear to be in the affirmative. 

Screw reversing gear is provided, and it 
is placed on the left hand side of the 
foot-plate. 
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The boiler is telescopic, with flush top 
firebox. It is 10 ft. 117 ins. long from the 
back of the smokebox tube-plate to the 
outside of firebox front plate. The barrel 
is in three plates, the dome, 2 ft. inside 
diameter, is situated on the middle ring. 
The smallest inside diameter of the boiler 
is 4 ft. of ins. The working pressure is 
200 lbs. per sq. in. 

The firebox shell is 6 ft. 10 ins. long 
outside, it is 6 ft. 4 ins. deep both front 
and back, below the centre line of the 
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plate are placed the firebars, thus giving a 
water-enclosed ashpan of that depth. It 
will be observed that the firebox is arranged 
to form its own ashpan, and this arrange- 
ment increases the amount of heating 
surface, and supplies some extra weight 
just where it is needed. 

In the bottom of the ashpan is a dished 
manhole fitted with sliding doors, so that 
the ashpan can be cleaned out, and access 
obtained to the firebox. At the front is 
an ordinary ashpan door, but the water 
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FIG. 3. 
FRONT VIEW AND SECTION THROUGH 
CYLINDERS, 


LONDON AND NORTH-WESTERN RAILWAY: 
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FIG. 4. 
HIND END VIEW AND SECTION THROUGH 
TRAILING WHEEL. 


FOUR-CYLINDER COMPOUND PASSENGER ENGINE. 


ENGINEER, MR. F. W. WEBB, CREWE, 


boiler, and is 3 ft. 11 ins. wide outside 
at the bottom. The outside shell-plate 
is carried horizontally across the bottom 
of the firebox. (See Fig. 2.) Above this 
plate is a water space formed by the bottom 
plate of inside firebox. ‘Ihe water space 


is carried upwards at the sides. At a 
distance of 114 ins. above this inside 





space passes entirely around the back end. 
The advantages of this arrangement are 
that a rigid foundation-ring is done away 
with, a better circulation of the water is 
obtained, the lodgment of dirt at the 
sides of the firebox where the heat is 
greatest is prevented, and the firebox is 
easy to clean. The mouth of the ashpan- 
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door is made of such a width that the 
tube plate can be taken out through it and 
replaced without disturbing the other parts 
of the firebox. 

The framing is of the usual slab form, 
the plates being 1 in. thick. There is also 
a short piece of framing, extending fram 
the motion plate to the transverse frame- 
stay in front of the firebox, it is placed in 
between the main frames, and carries a 
central bearing on the crank axle. ‘The 
weight of the front end of the engine is 
pretty high, and is carried by a double 
radial truck, 1oft. g ins. radius. The centre 
is fitted with Mr. Webb’s radial axle-box 
and central controlling-spring. By this 
arrangement, 1 in. of side play is secured, 
in addition to the radial movement Of the 
truck, and the engine is enabled to take 
all curves with the greatest freedom. 

Fig. 3 shows a front-end view of the 
smokebox and gives a section through the 
cylinders. Fig. 4 shows a hind-end view 
of the cab, etc., and also a section through 
the trailing wheel. 

The centre of gravity of the weight of 
the whole engine when full, falls 9°8 ins. 
in front of the driving axle. 


Principal Dimensions of Engine 
“Black Prince.’”’ 


ft. ins 

Gauge as) eee 
Two outside h. p- cylinders diameter... 15 
Stroke of piston ... at 24 
Two inside 1. p. cylinders diameter... 204 
Stroke of piston... hee 24 
Centre to centre of h. p. cylinders ie “HS 
Centre to centre of I.p. cylinders ie ee 
Centre of cylinder to centre of h. p. pis*on- 

valve, on incline... a 
Centre of cylinder to l.p. valve ite kc 24 
H.P. valve of piston form diameter... 64 
From front face of h.p cylinder to centre 

of driving axle Ir 74% 
Centre of piston to centre of crosshead, all 4. 3h 
Length of alve rod, centre tocentre ... 3 64 
Joy’s valve motion. 
Diameter of piston rod h.p. , 24 
Diameter of piston rod 1. p. = ee 3 
Length of ies rod, centre to 

centre, h.p. . , = 2 
Journal—large end—diameter ... Ses 4 
Length of do. : 44 
Journal—small end—two “journals each 

3 ins. diameter, length of do. 1% 2} 
Length of ew rod, centre to 

centre, ] p.. ies ia =e" 8 
Journal—large end—diameter ... 2% 7% 


Length of do. ts oad tae és 54 





Journal—small end—diameter ... 

Length of do. 56 i 
Coupling rod a centre to centre ... 9 
Journals diameter... ; 

J -urnals length 


WHEELS AND AXLES, 


Truck wheels, diameter, with 3-in. tires 3 

Driving wheels, diameter, with 3-in. 
tires ... ast an ie 5a 

Trailing wheels, diameter, with 3-in. 
tires ... 3 se sod ee 

Width of tires, all 

Distance from centre of radial truck to 


centre of driving wheels... “4s ‘80 
Centre to centre of radial truck wheéls... 6 
Length of radius of radial truck... <« 10 


Total side-play of radial truck 

From centre of drivers to centre ‘of 
trailers, fixed wheel base 

From centre of truck to front end of 


frame ... 
From centre of trailers 'to hind “end of 
frame ... te ies we atk: 
Total wheel base ... as * née 


AXLES—DRIVING. 


Thickness of l.p. crank arms 

Diameter of wheel seat 

Diameter of end bearings 

Diameter of centre bearing 

Diameter of axle in crank arms ... 
Diameter of crank pin 

Length of wheel seat 

Length of end bearings ... 

Length of centre bearing... 

Length of inside crank pins ass 
Centre to centre of bearings of do. pee 


AXLES—TRAILING. 


Diameter of wheel seat 
Diameter of bearing 
Diameter at centre of axle 
Length of wheel seat 
Length of bearings 

Centre to centre of bearings 


we 


AXLES--TRUCK. 


Diameter of wheel seat 

Diameter of bearings 

Diameter at centre of axle 

Length of wheel seat 

Length of bearings a - 
Centre to centre of bearings ee ari 


OUTSIDE CRANK PINS-—-DRIVING. 


Diameter at wheel seat 

Diameter of journal at coupling tod 
Length of do. 

Diameter of journal at connecting rod . 
Length of do. 


CRANK PINS—TRAILING. 


Diameter at wheel seat 
Diameter of journals 
Length of do. 
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FRAMES. 
Distance between frames... — 
Distance between frames at front ‘end ees 
Thickness of frames 
Total length of frames a: 
Distanee between truck frames 
Thickness of truck frames 
Width over platforms 
Width over front buffer plate 


BEARING SPRINGS —TRUCK. 
Two springs each, 14 plates 44 ins. wide: 
12 plates 4 in. thick ‘ited . £6 
2 plates § in, thick f *P Fas 
BEARING SPRINGS—DRIVING. 
Two helical springs under each end bearing, 
and two helical springs under the centre bearing. 
BEARING -SPRINGS—TRAILING. 
Nest: of four helical springs under each bearing 
—two bearings. 


— 
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BOILER. 
ft. ins. 
Barrel in three plates, telescopic: diameter 
of boiler—smallest inside ... 4 of 
Length of barrel, from inside smoke- box 
tube-plate to outside fire-box front- 


plate ... a cing o«¢ 20° 124 
Thickness of plates ea sae es vs 
Centre of boiler above rails rah at ee 
Length of smoke-box outside... oS Se 
Radius of smoke-box outside 2 4# 
From rails to top of chimney ee > ee 
Smoke-box tube-plate thickness... : 4 
From smoke-box tube-plate to centre of 

dome ... - 3 a. UE ee 
Diameter of dome inside... 9 et ae 
Thickness of dome plate .. 4 
Height of dome from boiler to cover- 

plate .. me aaa ee a 
Height of dome cover... ‘a 74 

FIREBOX SHELL. 
Flush top type. 
Length outside 6 10 
Width outside at bottom.. > “s3 
Radius of top, outside... Se oe 
Centre of boiler to bottom of fire-box 6 4 
Distance of front plate behind the centre 

of driving axle i 
Distance of back plate in n front of centre 

of trailing axle a ead II 

INSIDE FIREBOX. 
Length inside at bottom ... - «62 4 
Width inside at bottom am ie os 
Thickness of crown sheet 4 
From centre line of boiler to bottom of 

firebox ; 6 34 
From centre line of boiler to top ‘of fire- 

box inside... sed II 
Working pressure 200 Ibs. ‘per sq. in. 

TUBES. 
Number of tubes, 225. 
External diameter of tubes P eae 1} 


Length of tubes between tube- plates 8d <a 
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HEATING SURFACE. 


Heating surface, tubes 1,241°3 sq. ft. 





Heating surface, firebox ... 1 ae 
Total 1,400°4 sq. ft. 


Firegrate area, 20°5 sq. ft. 


WEIGHT OF ENGINE IN WORKING ORDER. 


. tT: > @. 
On radial truck wheels Be --. 16-180 
On driving wheels... a it fe Se 
On trailing wheels... We cy EF OE -O 


Total 54 8 0 





Weight of engine loaded... we a ee oO 
Weight of tender loaded _... are ne: Se 
Total 80 10 oO 








The tender is fitted with a water scoop. 
It carries 2,000 gals. of water and 3 tons 
of coal, and is carried on six wheels. 

We have no record of any test of the 
performance of the “ Black Prince,” but a 
very complete test of the work done by 
the “Iron Duke” has been made, and of 
this we are in a position to give the fullest 
details. The latter engine is a counter- 
part of the “‘ Black Prince,” and practically 
may be considered to be the same engine. 

On the 8th of June, 1899, a -special 
train was run from London to Crewe and 
back, on the occasion of a visit of the 
members of the Institution of Civil 
Engineers to Crewe Works. Thanks to 
the kindness of Mr. Webb, we are able 
to give the following details of this famous 
run: 

FROM EUSTON TO CREWE. 
Number of vehicles in train, 14. 
Weight of train, exclusive of engine and tender, 
329 tons 5 cwts. 
Weight of train, including engine and tender, 
410 tons § cwts. 

Weight of train, including engine and tender 

and passengers, 420 tons 5 cwts. 

Total length of train, including engine and 

tender, 716 ft. 

Number of axles in train, 62. 

Ratio of weight of engine and tender to weight 

of train, 1 to 4°18. 

Coal consumed on journey between Euston aud 

Crewe, 3 tons 2 cwts. 
Consumption of coal in Ibs. per mile of journey, 


4377- 

Total quantity of water evaporated in gallons, 
5,428°5. 

Pounds of water evaporated per Ib. of coal, 
7°8. 
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Class of coal used on engine, South Wales 
coal. 

Maximum pull on draw-bar at starting, 4°75 tons. 

Maximum pull on draw-bar whilst running, 
5°25 tons. 

Steepest gradient, I in 70. 

Maximum speed in miles per hour, 71. 

Average speed in miles per hour, 50. 

Total length of trip, 159 miles. 


FROM CREWE TO EUSTON. 


Number of vehicles in train, 14. 

Weight of train, exclusive of engine and tender, 
329 tons § cwts. 

Weight of train, including engine and tender, 
410 tons 5 cwts. 

Weight of train, including engine and tender 
and passengers, 420.tons 5 cwts. 

Total length of train, including engine and 
tender, 716 ft. 

Number of axles in train, 62. 

Ratio of weight of engine and tender to weight 
of train, I to 4°18. 

Coal consumed on journey between Crewe and 

= Euston, 2 tons 16} cwts. ~ 
Consumption of coal in Ibs. per mile on journey, 


39°60. 

Total quantity of water evaporated in gallons, 
53005'5- 

Pounds of water evaporated per pound of coal, 
7°94 

Class of coal used on engine, South Wales coal. 

Maximum pull on draw-bar at starting, 7 tons. 

Maximum pull on draw-bar whilst running, 
34 tons. 

Steepest gradient, I in 177. 

Maximum speed in miles per hour, 65. 

Average speed in miles per hour, 52°4. 

Total length of trip, 159 miles. 


The train was quite new, both engine 
and carriages, and with 124 bearings to 
consider, this means something, but in 
spite of all this, some very good work was 
done, as we shall presently show. The 
great length of the train was something to 
remember, it being 716 ft., or nearly one- 
seventh of a mile long; it extended from 
one end of Euston platform to the other, 
and was the longest train that ever entered 
or left the London terminus. It consisted 
of eleven 45-ft. vestibule cars, the dynamo- 
meter car, a kitchen car, and a 50-ft. 
second-class brake; that is, fourteen 
vehicles in all. It was a magnificent train 
of the most modern type, drawn by one 
of Mr. Webb’s latest locomotives, and ran 
‘with remarkable smoothness and steadi- 
ness. Everything required for space, 
comfort, and safety was provided. 
“The dynamometer car,” according to 
The Engineer, “was placed between the 
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tender and the train; it was carried on 
six wheels, those in the middle, which 
actuate the recording mechanism, carrying 
only a moderate load ; the weight of this 
van was 11 tons. The apparatus consists 
of a simple system of levers and springs 
which give movement to a horizontal arm 
carrying a pencil, which draws a line on a 
sheet of paper which passes gradually 
under the pencil as the train proceeds. 
A clock going to time makes electrical 
contact once every half-minute, and so 
breaks a continuous speed-line, drawn to 
scale, on the moving sheet of paper, 
parallel to the traction line. In order to 
ascertain the velocity during any half- 
minute it is only necessary to apply a 
scale, graduated in miles and decimals of 
a mile per hour, to this line, the distance 
between any two breaks indicating the 
distance run in half a minute, which the 
scale transforms to miles per hour without 
further calculation. In like manner, by 
measuring with a scale the distance be- 
tween the datum line and the line of 
traction at any point, the pull in tons and 
decimals of a ton can be at once read off. 
The apparatus is very sensitive. Thus 
the reduction in speed caused by the 
scoop passing through the pick-up trough 
was registered. It must, of course, be 
clearly understood that the diagram did 
not record the whole resistance of the train, 
for it takes no account of that of the engine 
and tender. The results do not agree 
with the D. K. Clark formula, on which 
some persons still pin their faith. His 
equation is R=8 + =e for the total resist- 
ance, including engine and tender. Apply- 
ing this to the London and North-Western 
train, we have R=8+2— or 22°62 lbs. 
per ton, or for the whole train, including 
engine and tender, 9,500 lbs., or nearly 
4} tons, instead of 5,620 lbs. Even 
if we omit the constant 8, the result 
is too high.” 

“The figures supplied by Mr. Webb 
are sufficient to bring out some interesting 
facts, but they are not so complete as to 
leave nothing to be desired in the way of 
information. The average resistance of 
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the train has not been worked out 
minutely. We believe, however, that 
we shall not be greatly in error if we 
take it as about 1# ton, or, say, in round 
numbers, 4,000 lbs. Taking the weight 
of the train and passengers at 340 tons, 
we have then for the resistance 11°76 
lbs. per ton, which, considering that 
the train was quite new and. the 
journals stiff, was a very moderate 
amount. If we take the resistance of 
the engine and tender, including the 
friction of the machinery, at 20 lbs. 
per ton, we shall have a total resis- 
tance of 4,000 lbs. for the train, and 
1,620 lbs. for the engine and tender, 
or a gross total of 5,6z0lbs. These 
figures must be regarded as only ap- 
proximately accurate, but we believe 
they are not far from the precise 
truth. Taking the average velocity 
as 50 miles an hour, or 4,400 ft. per 
minute, the locomotive exerted nearly 
750 h.p. 

“Tt will be seen that the trace 
drawn by the dynamometer pencil 
falls at certain points below the datum 
line, or line of inaction. This. is 
caused by the application of the 
brakes on the train, which forces the 
buffers home, and these, acting on a 
crossbeam connected to the traction 
springs, cause the latter to be com- 
pressed in the opposite direction to 
the one they are in when pulling the 
train. In other words, the line below 
the datum line shows that there is no 
work being done in pulling the train, 
and that either the train is travelling 
downhill or that the brakes have been 
applied for slowing or stopping.” 

By the courtesy of The Engineer 
we are able to give a copy of the 
dynamometer diagram—see Fig. 5. 
We have worked out the results fully; 
these are given in the table on the 
next page. 

In copying this diagram, we first 
of all set it out afresh to a large scale 
on a 40 by 27 in. sheet, giving a’ 
few additional details. On _ the 
original chart, the datum line for trac- 
tion is drawn at three-quarters of a 
ton; We give this line full, and have 
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also drawn the zero line dotted. Under 
this line we have placed a row of small 
dots, one at each fifth mile, in order to 
assist the eye. Each journey is divided 


Date 
Weather 


Starting-point 
Destination 
Time of departure... 
Time of arrival 
Time on road 
Miles run 
Average speed of train 
Velocity of train 
Velocity of train 
Time taken in performing 1 1 mile 
Train za 
Weight of train in tons, including passengers si 
Weight of engine and tender oes 

bs. of coal burnt.. 
Lbs. of coal burnt per mile ‘ 
Lbs. of coal burnt per ton-mile ... 
Lbs. of coal burnt per sq. ft. grate area per mile 
Lbs. of coal burnt per sq. ft. grate area per hour ; 
Lbs. of coal burnt per sq ft. of total heating surface .. 
Lbs. 


miles per hour 
feet per minute 


in tons | 


train only 


per mile . 

of coal burnt per sq. ft. of total heating surface 
per hour as ay on 
Lbs. of coal burnt per h. p. per hour 

Lbs. of coal burnt per hour 

Miles run per Ib. of coal . : 

Ratio of heating surface to fire- grate area 

Fire-grate area in sq ft. > “pe 


Lbs. 


Heating surface in sq. ft.... total 
Gauge pressure te "Ibs. per sq. in. 
Temperature of feed water taken at 


Lbs. of water evaporated ... 

Lbs of water evaporated per Ib. “of coal 

Lbs. of water evaporated per lb. of coal from and at 
212° Fahr. 

Lbs. of water evaporated per hour ; 

Lbs. of water evaporated per hour per sq. ft. ss 
surface , ‘s ; 

Lbs. of water evaporated per h. p. er hour re 

Average resistance of train only .. oes tons 

Average resistance of train only ... Pe és Ibs. 

Resistance of engine and train, taking 20 lbs. per ton 

Ibs. | 





Resistance of whole train... : 
Resistance of train only ... in Ibs. per ton} 
Resistance of whole train.. ‘ in lbs. per ton 
Revolutions of driving wheels per mile—7 ft. diameter 
Revolutions of driving wheels per minute —7 ft. diameter | 
Piston speed in feet per minute ... 


Ibs. | 





feet per second | 
in seconds | 


of coal burnt per 7 ft. of total heating surface) 
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into six sections, about 6 in, long to our 
scale, this length being taken to suit the 
sweep 
section the pull on the drawbar is given 


of the planimeter. For each 


PARTICULARS OF PERFORMANCE OF ENGINE “IRON DUKE,” 


Working Express Train between Crewe and London. 








Down. AVERAGE. 
June 8, 1899 | June 8, 1899 
. |Fine, strong side| Fine, strong side 
wind wind 
Euston Crewe 
Crewe Euston 
9.50 a.m. 4-45 p.m. 
1.5 p.m. 7-514 p.m. 
3 hrs. 15 mins. | 3 hrs. 64 mins. | 3hrs. 103 mins. 
159 159 159 
50 52°4 51°2 
4,400 4,611 4,505 
73°3 76°9 75°1 
72°0 68°7 70°3 
Passenger Passenger 
. 339 tons—5 cwts. 339 tons—5 cwts. | 339 tons—5 cwts. 
81 81 81 
6,944 6,300 6,622 
43°7 39°6 41°65 
*1288 “1174 "1231 
2°08 1°89 1°99 
104 99° IOI*5 
5032 4°565 4°798 
0316 0287 ‘0301 
es 1°47 I 51 
es 2°66 pe 
2,137 2,032 2 084 
51°3 56°8 54 
67°3:1 67°3:1 67 3:1 
20°5 20°5 20 5 
1,379°6 1,379°6 1,379°6 
200 200 200 
60° Fahr. 60° Fahr. 60° Fahr. 
54,285 50,055 52,170 
7°816 7°944 7°880 
9°464 9°637 9°559 
16,702 16,142 16,442 
I2°I I1‘7 119 
22°61 21°10 21°61 
1°75 1°72 1°735 
3,920 3,853 3,886°5 
1,620 1,620 1,620 
5»540 5:473 5,506°5 
11°55 11°36 11°46 
13°18 13'02 131 
240 240 240 
200 210 205 
800 838 819 
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(see Fig. 5), and there is also given the 
average pull for the down and up trips. 
We dealt with each section in turn, com- 
puting those horrible fractions to the 
third and fourth generation, and allowing, 
of course, for gaps in the diagram where 
no pull was exerted. 

Taking the area, say, of A, the first 
section, at 4°14 sq. ins., and dividing by 
the length, 6 ins., gives ‘69 in. as the 
average height. Multiplying this by the 
scale of tons, in this case 14 tons to 
the inch, we get 2°153 tons as the pull on 
the drawbar for this particular section. 
We may say that this is the heaviest 
section on the whole round trip, for soon 
after leaving Euston Station the train has 
to face a steep anticlinal slope of 1 in 
70; and this stiff bank accounts for the 
heavy drawbar pull required, the maximum 
being as much as 5} tons. 

The lightest section which occurs at the 
end of the up journey is Q.R.S.T. Here 
we get :-— 
2°86 x 3°125 

6°22 
So we find, what might be expected, that 
climbing down an incline of 1 in 7oisa 
very different thing to climbing up it. 

The average pull for the down journey 
works out at 12? tons, and for the up 
journey it is 144 j4 tons, while for the 
round trip the average pull exerted is 
1°7313 tons, say 1? tons bare; thus the 
estimate of Zhe Engineer of 1} tons is 
marvellously accurate. 

With regard to the tractive power 
exerted by the “Iron Duke,” we may say 
that, for ¢wo cylinder compounds, Von 
Borrie gives the following formula :— 

_pxSx d3 
so 4xD 
7’ = tractive power. 
? = diameter of low-pressure cylinder. 
D = diameter of driving wheel. 
/ = boiler pressure. 
S = stroke of piston. 

Now, if this formula is any good, it 
ought to suit in the present case, if the 
result obtained be multiplied by two, and 
supposing the ratio of cylinder areas is the 
same as Von Borrie recommends, viz. 
I:2°20r1:23 
The ratio of high and low-pressure 


= 1°436 tons pull on drawbar. 


@ 
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cylinder areas in the “Iron Duke” is 
1 : 1°87, which works out rather less than 
Von Borrie recommends. Making them 
in the ratio of 1: 2°25 would give 397°6 
sq. ins. as the area of the low-pressure 
cylinder. The diameter-corresponding to 
this area is 224 ins. 

The low-pressure cylinder then should 
be 22} ins in diameter instead of 20}. 
But there are other things to be considered 
besides the cylinder ; this is not the only 
pebble on the beach by any means, and 
it takes pretty good packing to get in two 
cylinders of this diameter, their centres 
being in the present case only 22 ins. 
apart. We must remember that the older 
“Black Prince,” with its low-pressure 
cylinders only 19} ins. in diameter, did 
remarkably good work. 

Mr. Webb has always, very properly, 
made a strong point of giving his engines 
large bearing surfaces. The driving axle 
of this class has not only got two end 
bearings each g ins. long, but, in addition 
to this, it has also a central bearing 54 ins. 
long. To arrange all this and find room 
for the motion work is very excellent 
practice. We may add that the trailing 
axle has two bearings 133 ins. long, and 
the truck has four bearings each 10 ins. 
long, they having a considerable load to 
carry. It will be readily seen that in this 
case, with anything like careful treatment, 
there should be no trouble with that 
béte noir, hot bearings. 

The distance, then, between centres of 
iow pressure cylinders being kept down to 
22 ins., the best diaméter obtainable is 
practically 20} ins, and the formula 
gives :— 

200 X 24 X 20°5 x 20°5 
4 x 85 

The tractive force of the “Black Prince,” 
with its lower boiler pressure, 175 lbs., 
comes out at 4°64 tons. 

The formula used by Baldwin for 
estimating the tractive power of com- 
pound locomotives, Vauclain four-cylinder 
type, is as follows :— 


Cx S$ x aP. e®@x Sx 3P 
D D 


T= x 2 = 5°3 tons. 


T = 


in which: 
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By this formula, the tractive power of 
the “Iron Duke” works out thus :— 
T = 225. 24 x 666 + 
85 
or rather less than by Von Borrie’s rule. 
Mr. C. I. Mellin, in the faslroad 
Gazette, gives the following formula for 
the tractive force of two cylinder com- 
pounds :— 


420°3 X 24x 50 _ 6 tons, 








_ @&Fh, S 
2D 

in which : 
7 = the tractive force. 
ad, = the diameter of the low-pressure cylinder. 
P= the calculated mean pressure. 
S = the stroke of piston in inches. 
D = the diameter of the drivers in inches. 
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6.—SPEED RESISTANCE CHART. 


By this formula the tractive force of the 
“Tron Duke” works out to 2°82 tons, and 
this multiplied by two, for the four 
cylinders, = 5°64 tons. By Von Borrie’s 
rule it is 5°3 tons, the difference being 
‘34 tons, which is quite near enough— for 
a formula. 

In the case of a two-cylinder sesaueaiat 
the objection to having the low-pressure 
cylinder too small is, that it does more 
than half the work, owing to the back 
pressure in the receiver acting against the 
high-pressure piston. By slightly increasing 
the low-pressure diameter, or by giving a 
later cut-off, if there be no room for a 
bigger cylinder, the steam will be drawn 
away quicker from. the high-pressure 
cylinder, thus relieving the back pres- 
sure, equalising the work on the two sides, 
and increasing the total performance. 

As will be noticed in our list of par- 
ticulars of the up journey, the maximum 
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FIG. 7.— RESISTANCE DUE TO ACCELERATION OF SPEED various speeds. For instance, 


IN ONE MILE. 


pull on the drawbar at starting was 7 tons. 
Arrangements for admitting live steam to 
the low-pressure cylinder for starting and 
shunting purposes are quite common 
lately ; in fact, Von Borrie’s newest inter- 
cepting valve is operated by the driver at 
will, and when closed admits steam from 
the boiler to the low-pressure, the high- 
pressure exhaust at the same time being 
open to the chimney. An arrangement 
of this kind would readily explain how 
7 tons of tractive effort could be obtained 
for starting, banks, etc. 

Now let us consider the high-pressure 
cylinders only, and suppose the steam is 
kept down in pressure by the low-pressure 
cylinder relief valve, or by a reducing 
valve, so that its total pressure on the low- 
pressure piston is equal to its total (un- 
reduced) pressure on the high-pressure 
piston, all the cylinders exhausting direct 
into the atmosphere. The tractive power 
of the high-pressure engine is :-— 

15? x 24 
85 

If the low-pressure cylinders are doing 

the same amount of work there is twice 


= 63°5 lbs. per 1 lb. of m.e.p. 


ILORL. saan necono oF meet commmnvenen” uncertainty with regard to the 
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“seo.8s that tractive power, or 127 lbs. 
- per 1 lb. m.e.p. Seven tons = 


% “vron” 15,680 lbs., and 1S 123 lbs. 
os m.e.p. required, or 61 per cent. of 
200 lbs., which is quite reasonably 
low, for the engine ought to get 
70 per cent., at least at starting. 
The boiler pressure might be 


60 


55 


50 


2 used, without reduction, in the 
20 low-pressure cylinder, but it would 
os mean heavy working parts to 


meet the strain, and the adhesion 
weight would have to be enough 
to prevent the wheels from spin- 


30 


- ning round. The weight avail- 
16 able for adhesion in the present 
10 case is 35 tons ro cwts. Seven 


tons is only one-fifth of this, and, 
with modern sanding, this should 
be easily accomplished. 

There appears to be some 


resistance offered by trains at 


according to the various rules 

on this subject immediately avail- 
able, the resistance in pounds per ton- 
weight of train at 60 miles per hour is, 
according to Harding’s formula, equal to 
524 lbs. According to D. L. Barnes, this 
should be 10 lbs., the former being nearly 
five times as much as the latter. 

Both these results cannot be right. 
The determination of this point depends 
entirely upon experimental inquiry, an 
ounce of experiment being worth a ton 
of mathematics. Nature always tells the 
same tale, always gives the same answer 
to the same question, and always speaks 
the truth; and if we-can interpret the 
language she employs, we shall always 
arrive at a satisfactory result. But, in 
this case, the interpreters seem to be 
at fault. 

According to “A Manual of Loco- 
motive Engineering,” by W. F. Pettigrew, 
Harding’s formula is as follows :— 


R = 1(6 + *34V) + ‘0025V7A 
or, as an alternative, 
R =1(6 + '067V) + ‘ooo02V7 B 


where-—— 
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& = resistance in lbs. per ton. 

7 = gross train load. 

A = area of frontage in square feet. 
B = its volume in cubic feet. 

The rule proposed by Mr. Sinclair, of 

New York, is: 

R=4V+32 
the “curve” to this equation being a 
straight line. 

The formula proposed by Pettigrew is : 

R = 9 + ‘007 V? 
We give all these curves graphically in 
Fig. 6. 

The Baldwin Locomotive Works, of 
Philadelphia, Pennsylvania, issue an excel- 
lent little pamphlet entitled ‘“ Record of 
Recent Practice.” In this very useful 
book many plates are given, which facili- 
tate the various mathematical calculations 
involved in locomotive practice, by means 
of graphic curves, from which demon- 
strated results are quickly obtained. By 
the courtesy of Messrs. Burnham, Williams 
& Co. we are enabled to select two plates, 
Figs. 6 and 7. Fig. 7 shows a curve by 
which, according to the Baldwin pam- 
phlet, the resistance due to acceleration 
of speed may be ascertained. The 
formula on which the calculation is based 
is as follows :— 

A = 0132 (V;?- V?) 
in which :—- 
A = the resistance in Ibs. per ton of 2,000 lbs. 
V = the initial speed in miles per hour. 
I= the accelerated speed, or speed of one mile 
thereafter. 

It will be understood that when the 
train starts from rest, V equals zero. The 
curve generated is a parabola. In using 
the chart, note the resistance due to the 
final or accelerated speed. The difference 
will be the resistance developed in a 
uniform acceleration from one speed to 
the other in one mile. For example, the 
resistance due to acceleration for 50 miles 
per hour is 33 lbs. per ton. The resist- 
ance for 30 miles per hour is 12 lbs. per 
ton. It would therefore require the 
difference between 12 and 33, or 21 lbs. 
per ton, to accelerate the speed from 30 
to 50 miles per hour in one mile. 

In America, the ton is equal to 
2,000 lbs., as it ought to be all the world 
over, and the hundredweight becomes 





* what excessive. 
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what its name implies, viz., roo lbs. The 
idea of making it 112 lbs. is eminently 
British : we are only surprised it does not 
crop out at 111,%; lbs. very slightly bare ; 
that is, just enough bare to prevent us 
from calling it 4111} lbs. Using the 
formula, modified as follows, to suit our 
English ideas, we have added a curve, in 
rather thicker line, which may be used in 
English practice :— 
— wapa9 (2 2) 224° 
A = '0132(/V } eo 
A chart by which the speed resistance 
of locomotive and train is determined is 
shown in Fig. 6. The curves are based 
on various formulas in general use. The 
curve running up to the right-hand top 
corner of the diagram is that demonstrated 
by D. K. Clark, in which the resistance 
per ton of 2,240 lbs. is :— 
R=8+ ad 
171 
in which & is the resistance in pounds per 
ton, and V equals the velocity in miles 
per hour. It will be noticed that this line, 
particularly at high speed, appears some- 
The second line is that 
published by the Zugineering News, in 
which the formula for resistance per ton 
of 2,000 lbs. is :-— 


+(% 


This is a safe line to follow, although 
somewhat excessive. The third line is 
that arrived at by the Baldwin Locomotive 
Works, in which the formula for resistance 
in pounds per ton of 2,000 lbs., is :— 

woe V 
R=3+ ¥ 

This formula is based on results shown 
by a large number of indicator cards taken 
at various speeds. The fourth line, the 
lowest, was given by D. L. Barnes, which 
was the result of a single test at high 
speed. In the last two formulas no allow- 
ance whatever is made for acceleration ; 
the resistance is taken at a uniform speed 
on a straight level track. 

We have added, in rather thicker lines, 
to the Clark, Engineering News, and the 
Baldwin formulas, a curve, calculated for 
2,240 lbs. to the ton, in order to make 
them available for English practice. It 











FIG. 8.—LONDON AND NORTH-WESTERN RAILWAY: 5-FT. SIX-WHEELS-COUPLED SIDE-TANK ENGINE. 
CYLINDERS 18-IN. DIAM, BY 24-IN. STROKE. 


will be noticed that both Zhe Engineer 
and Baldwin remark that even Clark’s 
formula gives results rather too high. 
Doubtless, the air of our manufacturing 
towns is remarkably thick, but it. hardly 
creates all the resistance expressed by 
Harding’s formula; and the results ob- 
tained by using it would be much too 
lofty. Pettigrew and Sinclair’s formulas 
are better, but we gather from Mr. Webb’s 
dynamometer diagram that even these give 
results that are excessive. ' 

The gross weight of the “ Iron Duke” 
and train is 420 tons 10 cwts. The 
average resistance of the down, or heaviest 
journey, is 1% tons= 3,920 lbs. for the 
train only. At 20 lbs. per ton the resist- 
ance of engine and tender is 1,620 lbs. ; 
the gross resistance therefore is 5,540 lbs. ; 
then :— 

5540 _ 12. . 

a" 13°17 Ibs. per ton, 
at the average speed of 50 miles per hour. 
This agrees very well with the resistance 
given by the Baldwin formula at this 
speed ; for it is 12°66 lbs. per ton, the 
difference being only half-a-pound. 

A photograph of a powerful six-coupled 
side-tank engine, No. 1597, is shown in 
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Fig. 8. The cylinders of this engine are 
18 ins. diameter by 24 ins. stroke ; the 
coupled wheels are 5 ft. in diameter. 
The slide valves are of the piston type, 
and they are worked by Joy’s valve-gear. 
The total wheel base is 22 ft. 3 ins. ; the 
trailing wheels are fitted with Webb’s 
radial axle-box arrangement. The weight 
available for adhesion is 14 tons 16 cwts. ; 
the tanks carry 1,420 gallons of water. 
The tractive force exerted is :— 


at 24 — 129°6 lbs. per pound of 


effective pressure on the pistons. 
The weight of the engine in working 
order is as follows :-— 





tons cwts, 
Leading wheels... pot «a. 42 6 
Driving wheels... < ar BE 
Trailing coupled ‘ae soe ee De 
Trailing wheels... Fes 523: 29 
Total 52 6 








The weight of the engine empty is 
41 tons 10 cwts. These engines are 
largely used in passenger traffic when 
comparatively short journeys are run and 
frequent stops are made. 












She Education of Machinists, 


Foremen, and Mechanical Engineers. 
By MILTON P. HIGGINS 


1LtToN P. HicGiIns was born in the State of Maine, and 
M\ spent his boyhood upon the farm, having the advantages 
of the district schools and academies until he was seventeen 
years of age. He then left school to learn the machinist’s trade, 
and early in his career designed machinery and engaged in 
contract work at machine building. 

After the machinist’s trade was thoroughly mastered, Mr. 
Higgins, at 22 years, entered. the scientific department of Dart- 
mouth College, for which he prepared himself by night study 
while working in the shops. He graduated from a four years’ 
course of study in 1868, and was at once called to take charge of 
the Washburn Shops of the Worcester Polytechnic Institute, 
where he remained as superintendent and member of the faculty 
for 28 years. 

Mr. Higgins devoted untiring zeal to the unique work of this 
institution, and the high reputation of that technical school owes 
no small share of its practical success to his ability and devotion to the cause of practical education. 
In fact, his interest in the success of the Washburn Shops was so great that he refused a flattering 
offer to take charge of the shops in connection with the Georgia Institute of Technology at 
Atlanta, but at their earnest solicitation he was granted a year’s leave of absence in order to 
organise the Atlanta Shops on a similar basis with the Worcester Shops. He also organised the 
shops in connections with the Miller Manual Training School in Virginia. 

Mr. Higgins established and is president of the Norton Emery Wheel Company, of the Plunger 
Elevator Company, and the Norton Grinding Company, all of Worcester, Mass., and is still actively 
interested in industrial and technical education of young men. 
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HE central object of this paper is to 
outline a special school for the 
training of boys to fill the successive 
grades of mechanics, from machin- 

ists to engineers, and adapted to train 
each boy for each successive grade until 
his particular career is determined by 
natural selection, and he goes out fitted for 
that career. 


DEMAND FOR TRAINED MECHANICS, 


While it must be admitted that during 
the past 25 years most gratifying progress 
has been made in American mechanical 
engineering and in the education of 
mechanical engineers, yet it is evident to 
the managers of our mechanical establish- 
ments that there is a great lack of com- 


petent mechanics below the grade of the 
mechanical engineer to take the increasing 
demands and responsibility of the work 
and properly carry it out. 

The character of the work of the machin- 
ist has rapidly increased in refinements 
and complications. He is called upon to 
read and understand intricate drawings, 
make very exact measurements and com- 
putations in the shop quickly and with 
certainty. He must deal with tempered 
steel for almost numberless uses and for 
the severest requirements. Hardened 
steel parts must be fitted to an extent and 
with a precision never thought of 25 years 
ago. This practice of machine construc- 
tion will be introduced to an unlimited 
extent in the future, necessarily making 
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many changes in methods, as for example, 
grinding instead of filing, which ensures 
such superior results. This introduces 
the modern machinist to a field of unlim- 
ited possibility, requiring most exact know- 
ledge of new and constantly changing 
methods ; and the experience of all em- 
ployers testifies to the difficulty, if not 
the impossibility, of securing the requisite 
knowledge and skill in the machinists of 
to-day. 

If the position of machinist is a hard 
one to fill, what of that of foreman? Ata 
recent meeting of managers it was stated 
that 200 young men suitable for foremen 
for foundries could. be placed at once 
Nothing is more difficult than to find men 
capable of filling such positions. Indeed, 
| have expressed the opinion, and I 
believe it will be confirmed by others, that 
the most difficult position to fill, when a 
machine business is to be organised, is that 
of shop foreman. The positions of presi- 
dent, treasurer, mechanical engineer, salés- 
man, etc., need not wait a day for appli- 
cants ; but the man who is fitted to manage 
the practical details of a machine shop 
successfully is a rare man, and there is 
no scientific or professional man whose 
services are in surer demand than his. 

Is it not wise, economical shop manage- 
ment, the kind which we look to the fore- 
man to possess, that is giving us the lead- 
ing position in the machine markets at 
home and abroad? The ability to pro- 
duce a very fine and exact piece of work 
in a machine shop, regardless of time or 
method, will not ensure success, but, on 
the other hand, will be most apt to induce 
failure. It is the shop that can build the 
best machinery at a less.cost than others 
that is sure to be successful. “And to 
secure this depends upon no man more 
than the shop foreman. He must ascer- 
tain all possible legitimate ways and means 
for reducing shop costs, stopping leaks 
and losses, without reducing the manliness 
of the men and the standard of the 
work. How many men of this kind do we 


get, and what opportunity is there to-day 
for training for such positions ? 

From the educational reports of 1897-8 
it appears that, taking the first grades of 
the schools as a basis, 80 per cent. of the 
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pupils drop out before they reach the 
high school, and nearly 97°5 per cent. 
before graduation from the high school. 
It is probable that the greater percentage 
of those who have left school have left to 
enter some occupation leading directly to 
self-support. It seems to be a fact that 
the average high school graduate, with all 
the knowledge he has acquired during 
ten years of continuous schooling, is not 
able to earn his living as the result of 
anything he has learned in school. There- 
fore he must leave school to learn a 
trade, or take up some occupation as 
best he may, without the help of further 
systematic education, which at this period 
of his life he so much needs. The statistics 
of the Commissioner of Education indicate 
that the enormously large percentage of 
pupils who leave school leave at the age 
of ten or twelve years, after only about 
four years or less of schooling, and further 
showing that only one in about a hundred 
can have the benefit of a higher education. 
It is believed that a large proportion of 
the boys would be induced to continue 
the school period several years longer if 
the additional three or four years of 
training would impart skill and practical 
knowledge, so that the ability to earn 
good wages immediately upon leaving 
school would be assured, say, at from 
sixteen to twenty years of age. 


FAILURE OF THE TECHNICAL SCHOOLS. 


Never was there a national movement 
more timely or more successful in its 
introduction than the movement looking 
toward the establishment of technical 
schools thirty-five years ago in this 
country, supplemented as it was by the 
educational land grant in 1862. We natu- 
rally expected at that time that this move- 
ment would meet not only the higher 
education of engineers, but the needs of 
mechanics, which this paper emphasises. 
Perhaps, however, it was too much to ex- 
pect that these schools, under the manage- 
ment of professional educators, the most 
able and suitable that could be selected at 
that time, could have accomplished so 
much or covered more ground than they 
have. It is most natural that each tech- 
nical school management should be greatly 














influenced by the college education and 
academic professionalism of the men who 
conduct it, and with whom the relation of 
academic and technical departments, or 
those of theory and practice, was entirely 
left. ‘This has resulted in a tendency to 
produce scientists and not mechanics. 

It is not the policy and intention of engi- 
neering schools to put sufficient time and 
stress on shop work to allow the student 
to attain thorough practical skill. He 
very readily receives the impression -that 
an engineer need not work with his own 
hands, though he admits that he should 
know how the work should be done by 
others. To be a thorough «mechanic, 
which he ought to be before he can be a 
well-trained mechanical engineer, he must 
be able to do the work; and this the 
present technical school does not teach. 

The gulf between the work of the 
schools and the shops has sometimes been 
called a difference between theory and 
practice, but the real variance in educa- 
tional attempts is between men, between 
the mechanic and the professor, between 
the machinist and the engineer. Brave 
attempts have been made to bring the two 


together, but with partial success only. In ~ 


one of our most prominent and practical 
engineering schools a_ professor had 
designed a commutator which required sec- 
tions cut froma metal ring. The professor 
ordered two rings, so that a piece from the 
second could be used to make up for the 
loss in cutting up the first. The machin- 
ist said, “ Let me make one ring only, some- 
what larger than you want, cut it up, and 
then turn it to the exact size, and thus 
save the cost of the second ring.” ‘‘ No,” 
answered the professor ; “I am doing the 
engineering, I want you to do the work.” 
I state this actual occurrence, as one of 
many illustrations which might be given 
to show that the two have not yet joined 
work even in the technical schools. It is 
not always an easy matter to secure this 
necessary union, and even where it seems 
to be attained it is not always complete. 
It can be secured by having both vital 
parts in one and the same man. 


RAISING OF STANDARDS OF ADMISSION. 


I would also mention that with the 
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tendency toward the theoretical and 
scientific, which has been referred to, 
has come the raising of standards for 
admission from year to year, so that the 
technical school has become more nearly 
on a par with the college than it was when 
it started; and this puts the school beyond 
the reach of boys who are to make 
workmen. 

Thus, whatever the advantages of the 
technical school and college, which I 
would not for a moment belittle or decry, 
they do not meet the needs for which 
they were founded, but leave the uncovered 
field as large as ever. 

ANOTHER UNFORTUNATE RESULT OF THE 
TECHNICAL SCHOOL—THE AMOUNT OF DIS- 
CARDED MATERIAL, 

As a result of the technical schools 
overlooking the needs of the large body 
of mechanics and devoting themselves to 
the production of scientitic professional 
engineers, they produce an enormous 
amount of discarded material—men who 
are neither fit for workmen nor engineers, 
men who are not a¢ ¢he start fit to become 
successful engineers. 

In a class of one hundred in an engineer- 
ing college, if only five make engineers, 
such as the course is aimed to produce, 
the ninety-five others have not in all 
probability received a course of training 
well fitted for their special needs and 
capacities. Further than this, the large 
portion of the class who are, to some 
extent, failures are also frequently dis- 
appointed men. 

These “culls” from an engineering 
class are not first-class material for work- 
men in any department below the engineer. 
Such a man is a disappointment to himself 
and to his employer ; and though we may 
be able to show that every graduate in 
a class has been greatly benefited and 
developed during the course of study, yet 
that is not a sufficient reason for a course 
fiited only to the very few, and which 
allows the large majority to come to their 
disappointment through the general under- 
standing that, if they were graduated, they 
would be engineers Jdecause they were 
graduates. 

Consider, also, what a fearfully expensive 
system this is, with its large percentage of 
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failures or partial failures, to educate the 
few of which there is already a larger 
number than can secure positions. 


OVER-SUPPLY OF POLYTECHNIC ENGINEERS. 


We must remember that mechanical 
progress is very dependent upon the 
capitalist. The proprietor who stands 
behind the work is more and more 
inclined to trust his engineering to his 
own men who have grown up in the works 
and have, in some way or other, picked 
up science enough to get on with con- 
siderable success. The proprietor is not 
inclined to put his work into the hands of 
a professional engineer who works on the 
same problem for other clients, and he is 
less and less inclined to employ special 
engineers. When this is done at all, one 
engineer is employed by several concerns, 
and his time divided up among them. 

This lessened demand for polytechnic 
graduates was recognised several years ago 
in Europe, and some slight attempts made 
to remedy the evil. As early as 1885, the 
British Commissioners found in Germany 
an excess of one thousand well-trained 
polytechnic graduates over the demand ; 
and they were informed that the manager 
of a large engineering works had been so 
importuned by these young men for 
employment that he put a notice in his 
window, “No polytechnic student need 
apply.” 

The Baron von FEybesfeld, Austrian 
Minister of Instruction, stated that the 
most serious problem in education in that 
country is to reduce the number of 
theoretical engineers, who, after their long 
course of study, found themselves not 
wanted, and to increase the number of 
men in whose training theory and practice 
had been so combined that they could 
meet the great demand for those who can 
put theory and practice together. This 
statement, taken from a report of technical 
instruction in Europe by the late C. O. 
Thompson, formerly President of the 
Rose Polytechnic Institute, and published 
by the U.S. Bureau of Education, is 
followed by another statement, which 
shows that the tendency of the technical 
schools toward a par with the college, 
referred to above, was fully recognised 
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and admitted at that time. This state- 
ment says: “There is a constant and 
apparently irresistible tendency in all the 
lower schools to pass up into the higher 
by imperceptible advances. For example, 
at Chemnitz, what used to be the Gewer- 
beschule, has ranked, since 1879, as a 
polytechnic school. But so true is it that 
a school of higher education never loses 
or departs from the cast it receives in the 
first ten years of its existence, that the old 
polytechnics, modelled largely after the 
Ecole Polytechnique of Paris, have so 
steadily held to the theoretical training of 
engineers that the times have swept past 
them. ‘The efforts now making in Austria 
to remedy this evil are more to the point 
than any others in Europe, but they are 
directed towards the artisan rather. than 
the engineer.” 

PROPOSED SOLUTION OF THE PROBLEM. 

The proposed solution of the problem 
lies in the answer to the question: “ How 
can we give our boys a chance to learn a 
trade without being deprived of a good 
common school education ?” 

The half-time school, established upon 
the plan outlined below, will, it is be- 
lieved, answer this question and solve the 
problem. 

This school is aimed to fit each boy for 
the successive grades of mechanics, from 
the machinist up, so that at any time he 
will be fitted to take up his work outside 
as a well-trained mechanic in the grade 
which he has completed, and be prepared 
to enter the training of the next grade. 
In other werds, the school is aimed to 
produce many well-trained and educated 
machinists, and from these machinists 
some foremen, from the foremen a few 
superintendents, and, finally, an occasional 
engineer. The character of the individual 
material, in- ability and natural aptitude, 
determines the grade of the product of 
the school, whether workman, foreman, 
superintendent, or engineer. The plan 
will be understood by a brief statement of 
its prominent features, which will be dis- 
cussed more at length below. 


CHIEF FEATURES OF THE HALF-TIME SCHOOL, 


First: A school which shall include 
a first-class, commercially successful and 
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productive machine-shop, which is a de- 
partment co-ordinate in importance, influ- 
ence, and educational value with the 
academic department. 

_ Second: A school in which the pupils 
are to have instruction and practice in 
this shop during half the working hours 
in five days of each week, for a period of 
four years. 

Third: Instruction in the _ public 
schools during a portion of the - other 
half of the time, equivalent to a high 
school course, restricted, abridged, and im- 
proved to meet the needs of these pupils. 

Fourth: Special .care and method of 
selection of pupils who have finished the 
grammar-school course, and who have 
special aptness for mechanical work. 

Fifth: Management under a corpora- 
tion whose trustees shall be practical 
business men. 

Before proceeding to a discussion of 
these features, it seems well to say a word 
upon the principle, already briefly stated, 
which lies at the foundation of this 
school, viz., the education of one period 


leading to the next, so there need be no 
break or limit, until the most complete 
education of the engineer is finished. 


EDUCATION COMPLETE AT EACH STAGE. 


The main thing that need determine 
the point where schooling better be 
stopped and the real life-work entered 
upon, is the natural gifts of the pupil, so 
that whenever he stops he has received 
the best possible course of schooling and 
training for his particular career, whether 
it be as machinist, draughtsman, foreman, 
or manager. And if he has aspirations 
and natural ability for some position 
higher, not within the scope of the half- 
time school, this course may lead to the 
technical school. Thus he has no back 
steps to take, nothing to unlearn, and 
nothing that he need to have left out. 
He is not handicapped by lack of prepara- 
tion to enter the technical school. When 
he enters the half-time school he need not 
give up his dreams for this higher educa- 
tion, as is the case to-day if he leaves the 
public school to learn a trade. To pro- 
duce such mechanics is the first object of 
the half-time school. 
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WHAT SHOULD A SCHOOL SHOP BE? 


The shops may be designed and 
equipped upon the same general lines 
and the same principles that govern the 
construction and equipment of ordinary 
shops, whose sole object is to succeed in 
competition with the best managed shops 
in the land engaged in the production of 
first-class machinery, independent of the 
school element, which is in this case, 
however, the sole object and motive. 

The building should be a first-class 
one, ample and convenient, including, as 
well as a machine shop, a pattern and 
wood-working room, a small blacksmith’s 
shop, plain office, and a draughting-room. 
Before the shop is located, built, and 
equipped, it would be well to decide 
what line of machine work is to be pro- 
duced and put upon the market—whether 
machine- tools, agricultural implements, 
pumps, or some other class of machinery. 
Whatever it is decided shall be manu- 
factured should have in it a large variety 
of practice requiring the use of a large 
number of tools: 

Several different grades of work may 
with advantage be carried on in this well- 
equipped shop. Having decided what 
shall be manufactured, the equipment 
should then be as complete and suitable 
as possible. -The fact that it is to be a 
school shop makes it desirable to depart 
from the usual practice of having lathes 
and other machine-tools all of one make. 
In this case the advantage of the students 
becoming acquainted with the various 
styles produced by the different makers 
is greater than the disadvantage of non- 
uniformity. It is not necessary to have 
the most expensive tools and machinery, 
but everything must be effective and up- 
to-date. The organisation and manage- 
ment of the school shop may be almost 
the same as if the element of instruction 
was entirely left out. The capacity of the 
shops should be such that, if desirable at 
any time, one-third or one-half as many 
hired men may be employed. as the total 
number of students. 


THE-INTERNAL CONDUCT OF THE SHOP. 


If a school starts with, say, 100 pupils, 
only 50 would be in the shop at the same 
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time, and an equal number would always 
be in the shop throughout all the business 
hours of the week, except Monday fore- 
noon and Saturday afternoon ; and these 
two half-days would generally he occupied 
by some students working to make up 
lost time or working for pay, by special 
arrangement with each pupil, so that the 
uniformity of the working force is not less 
reliable thar®in other shops. If at any 
time— Monday forenoon or Saturday after- 
noon—the shop was without students, the 
work and business of the shop would be 
carried on by the employed men. The 
employed men would consist of from ro 
to 50 expert machinists, besides a black- 
smith, a steam engineer, a pattern-maker, 
a draughtsman, two foremen, a_ book- 
keeper, and a general manager or superin- 
tendent. The foremen are especially 
charged with the direction and instruction 
of the boys; but, under the order and 
direction of the foreman, any mechanic 
acts as an instructor of the apprentices 
learning the trade. 

All employed mechanics are selected 
with special regard to their skill and to 
their fitness to aid and instruct the learners 
in doing all kinds of shop work by the 
best, most effective and economical 
methods, such as will make a shop com- 
mercially successful. 

Until one has had experience with a 
large class of earnest students in a real 
machine shop intimately associated with 
a large number of «superior, expert 
mechanics, it is impossible to believe 
how quickly the students will become 
competent to do good and reliable work, 
and how much information and_ prac- 
tical experience they will absorb, not 
wholly or largely by verbal instruction, 
but by simple observation. 

Thus it is not only desirable but. neces- 
sary to have shops wherein a large quantity 
and variety of machine work is going on 
in the presence of the students and under 
their hands and assistance. 


IMPORTANCE OF COMMERCIAL SHOP. 


Nothing is more fundamentally im- 
portant than to do away with all fear 
and doubt about the desirability and 
practicability of having a real, productive 
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commercial shop in which to train young 
men in the skill and judgment necessary 
for practical, efficient work in machine 
building, machine operations, and me- 
chanical engineering. 

Judging from general observation upon 
this subject, I believe there is no difference 
of opinion existing among either educators 
or practical men regarding the deszradility 
of having real shop practice ; but regard- 
ing the feasibility of giving such real 
practice in a commercial shop there is 
general doubt. I wish to say that the 
doubt is without foundation, and that 
nearly all the grounds for objecting to 
the introduction of real productive shops 
as a part of technical and engineering 
training are imaginary. 


A SCHOOL SHOP CANNOT BE TOO PRACTICAL. 


It has heretofore been feared that a 
technical school might become. a shop 
with a school attached. This gives rise 
to the danger of a shop becoming weak 
and impractical. 

There is a strong argument for school 
shops which shall be much more intensely 
practical than any that have ever been 
established or advocated. School shops 
should be object-lessons, in every sense, 
of the conduct of a first-class manufac- 
turing establishment. They should, to 
an extent as complete as possible, illus- 
trate good and economical shop methods, 
such as must inevitably lead to a success- 
ful business. 

It would be a very narrow claim for the 
school shop to say that its only desire is 
to teach the names of the various machine- 
tools and their uses, how things are 
operated, how a chip may be taken off, 
and have nothing further to do with pre- 
paring a young man to organise a machine 
business and produce machinery that in 
quality and design would take the lead in 
the markets of the world, and produced 
by such advanced methods and economical 
management that no competitor in the 
world can take the market away from him. 

The ability of our graduates*of engineer- 
ing colleges to be able to talk intelligently 
about machinery and to run the machine, 
or even to be able to produce a very fine 
and exact piece of work, regardless of time 




















or best method, will not give success 
unless they can build the best machinery 
at less cost than others. 

Costs.—It seems to me that this im- 
portant kind of experience just referred 
to can best be obtained in a school shop. 
It is too expensive when obtained in 
business life, and is the most costly subject 
of any to the manager. I would give a 
distinctive place to a department of costs 
in the proposed school, and emphasise 
the importance of it. 

I have thought that such a department 
may be subsidised by external aid, so that 
the expense of the investigation, deter- 
mination, and comparison of costs need 
not be chargeable to the general expense 
account of the school shop, but might be 
borne by manufacturers, to whom reports 
on such a subject would be of great value. 


PROPER STANDARDS FOR SCHOOL SHOPS, 


It is of great importance that a high 
standard be at once established and main- 
tained. There is commonly considerable 
danger of attempting to accommodate the 
shop standard and requirements to the 
inexperience of the pupil. It is, however, 
never necessary to lower the standard 
because the work is to be done by boys. 
It is surprising how students will readily 
approach a high standard. Indeed it is 
less difficult to bring students to compre- 
hend. and maintain a high shop standard 
than it is journeymen. 

The great.difference between the two 
is not so much in the quality of the work 
as in the quantity ; and this difference is 
very great indeed. This unexpected 
element in students comes out very 
clearly in the matter of injury to tools 
and spoiling work. It is my opinion that 
during the twenty-eight years of experience 
at the Worcester Polytechnic, notwith- 
standing the very large number of students, 
there was hardly a larger amount of work 
spoiled or more injury done to the tools 
than would have resulted if the large 
number of students had been replaced 
by average journeymen machinists. 

To consider the second of the promi- 
nent features of the half-time school, 
namely, ‘a school in which the pupils 
are to have instruction and practice in the 
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shop during half the working hours in 
five days of each week for a period of 
four years,” I would call your attention 
to the 


IMPORTANCE OF A PROPERLY-ARRANGED 
HOUR-PLAN. 


This subject is of greater importance in 
a school where shop practice is a part of 
the course than in any other course of 
study, because it is so necessary that the 
periods in the shop should be as long as 
possible without danger of wearying the 
student. Therefore it is very desirable that 
no period of shop practice be less than a 
half-day, and also that an afternoon period 
of practice be always followed by.a like 
period by the same class the following 
forenoon ; for example, a student would 
begin his weekly shop practice Monday 
afternoon at one o’clock, he would leave 
his working clothes near his work on the 
lathe for a free evening and a night’s 
rest without any anxiety about lessons, 
returning the next morning to take up 
his shop work where he left it, and con- 
tinuing the same throughout the forenoon. 

By this method the- great advantage is 
secured of having, so far as the shop work 
is concerned, nothing shorter than a whole 
day’s session, and so far as the student is 
concerned, two half-day sessions, with an 
evening of recreation and a night’s rest 
between. i 

A similar advantage ot such an hour 
plan obtains in regard to the work in the 
school room. 


HOW MUCH CAN BE ACCOMPLISHED FOR 

STUDENTS IN THE HALF-TIME SCHOOL IN 

A FOUR YEARS’ COURSE? 

First: We can confidently assure a 
more thorough expert knowledge of the 
machinist’s trade, and a more practical 
skill in its various departments, than is 
generally secured by any apprenticeship 
in. this country or Europe. This rather 
large expectation is based upon quite a 
thorough personal study of what is accom- 
plished in England, France, Switzerland, 
and Germany, and also upon what has 
been accomplished during 28 years at the 
Washburn shops of the Polytechnic Insti- 
tute. of Worcester, Mass. In the school 
shop, where the four years’ course included 
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only about 800 hours, or in other words 
about one-third of a three years’ apprentice- 
ship, the graduates have always enjoyed a 
reputation for practical shop experience. 
In the halftime school actual shop 
practice in the various departments would 
cover a much longer time, and under 
circumstances more favourable, because 
the attainment of a thorough machinist’s 
trade is confessedly the central point from 
which the future engineering work is to 
emanate. 

Second: These pupils will receive, as a 
part of their shop practice, a much larger 
amount of time in lectures and instruction 
upon the technical part of the machinist’s 
business than is given in the technical 
school. 

Third: It i8 proposed to train every 
pupil in the general knowledge and prac- 
tice of drawing and machine design, and 
anyone having particular taste in this 
direction can have special and advanced 
instruction, the object being to make 
draughtsmen superior to engineering 
school graduates in the following par- 
ticulars : 

(a) More expert 
drawing and lettering. 

(6) Much more thoroughly familiar 
with all the shop knowledge affecting 
the efficiency of a draughtsman on 
simple everyday work. 

(c) A more ready, reliable and precise 
use of arithmetic. 

Fourth: It is proposed to train every 
pupil in a general knowledge and practice 
of pattern-making and foundry-moulding, 
and in special cases give advanced instruc- 
tion and practice in pattern-making. In 
all cases, however, the machinist’s trade 
will be taught as the basis of any special 
line of mechanical work. 

Fifth: If any one from the above-men- 
tioned classes of men exhibit tastes and 
natural abilities for high-grade engineering 
work, requiring the highest mathematical 
and scientific knowledge, he will be en- 
couraged and aided to take a course to 
meet his special requirements in the 
polytechnic institute. 

To consider the third of the prominent 
features already briefly stated, viz.: “ In- 
struction in the public schools during a 
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portion of the other half of the time, 
equivalent to a high-school course, 
restricted, abridged, and approved to 
meet the needs of their pupils,” what 
are ; 
THE DUTIES AND RESPONSIBILITIES TO BE 
ASSUMED BY THE SCHOOL BOARD? 

The School Board of any town where it 
is proposed to establish one of these half- 
time schools must be induced to make 
what seems to be a most reasonable pro- 
vision for a class of boys whose needs are 
as imperative and as reasonable as those of 
boys who wish to fit for college. There- 
fore the high-school course for this class 
should be changed and suited to their 
needs. This is as reasonable a demand, 
if not more so, as the demand of the boy 
to be fitted for college. 

The necessary provisions on the part of 
the public school consist in room and 
instruction for a certain number of boys. 
Only one-half of this number will be in 
the schoolroom at the same time. On 
the score of economy this arrangement 
will be greatly in favour of the half-time 
school over the present method. 

As to the fourth of the prominent 
features of the proposed school, viz. : 
“Special care and method of selection of 
pupils who have finished the grammar- 
school course, and who have special apt- 
ness for mechanical work,” let us consider 


THE IMPORTANCE OF GOOD MATERIAL AND 
THE SELECTION OF STUDENTS. 

Do we get the best stock for engineers ? 
We have the sons of engineers, and men 
who stand first in the great industrial 
enterprises. The young men coming to 
the engineering schools are generally the 
best in many ways. They are usually well 
born, they do not often come from poor 
homes, where work, stern effort, and self- 
denial keep boys out of reach of thorough 
systematic mental training which fits them 
for entrance examinations. If such a boy 
from the poor home finds it possible to 
enter, the college life is rather out of his 
line and out of his reach, and the funds 
for the term bills are still more impossible. 
But in this class are many who should 
be fitted for the different grades of 
mechanics. 


























It is well to remember, in the light of all 
history, that the revolutions of fate bring 
the submerged to the top, and after a 
while the child of fortune becomes ener- 
vated by advantageous ease and good 
keeping, and frequently the son, in spite 
of the father’s determination to give him a 
better chance than he had, lacks some- 
thing that has distinguished the father, 
and we may, after all, search this class in 
vain for the best stuff for engineers. It 
cannot, however, be the wisest educational 
scheme that allows the rich man’s boy to 
degenerate, or merit to go undiscovered 
in the poorer classes wherever it may 
exist. 

There are marvellous possibilities of 
skill and invention among a class of boys 
who are never thought of as possible 
engineers—boys who sometimes make 
themselves leaders among the favoured 
ones of the earth. In one of the largest 
and most prosperous industries near by, I 
find the man who knows the most about 
a very important department carried a 
hod when the factory was building ten 
years ago. And the responsible head of 
another department was snagging castings 
eight years ago. One of the fond hopes 
of the half-time school is that it will pan 
out the pure metal by a sifting process 
that is true and fair; and selection of 
material is the first important step in the 
process. The selection of the pupils is 
only second in importance to the schooling 
itself. 

The hindrance to the best results in 
engineering schools, which has come from 
the imperfect and unfair method of selec- 
tion in making up or enlisting its classes, 
has already been mentioned. Under the 
present system it is a boy’s business to 
spend several years of cramming for ex- 
aminations after he decides upon going to 
a polytechnic school or college. His 
whole aim and the aim of his teacher is to 
prepare for the examinations. The fitting 
school develops an astonishing ability to 
pass examinations which are not a true or 
adequate test of a boy’s fitness to make 
a mechanic or a mechanical engineer. 
Therefore the entering class of the poly- 
technic institute consists of a body of ex- 
perts at examinations, while many boys all 
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through the country who ought to be 
trained for manufacturing and mechanical 
industry are overlooked and passed by. 

It is proposed to avoid the bad defects 
due to this system in the half-time school 
by providing 


A SUBSTITUTE FOR ENTRANCE EXAMINATIONS, 
OR AT LEAST A SUPPLEMENT TO THEM. 


An appointment to the half-time school 
would be the result of careful investigation 
into the boy’s life, as to his habits of work 
and study, as to his love and care of tools, 
and as to his tastes for mechanical work. 
All these facts can be collected from his 
neighbours and teachers, and so verified 
that more reliance may be placed on them 
than on any common entrance examina- 
tion. Are not these things a truer in- 
dication of a boy’s fitness for the life of a 
mechanic or engineer than the one single 
quality of being able to pass written 
examinations in recitations such as the 
college requires for entrance ? 

To consider the fifth of the features 
already briefly stated—viz. “ manage- 
ment under a corporation whose trustees 
shall. be practical business men,” let us 


‘look at 


THE ADVANTAGES OF A CORPORATION FOR 
THE MANAGEMENT OF SCHOOL SHOPS, 


Perhaps the most successful technical 
schools have been organised by private 
corporations and managed by a board of 
trustees, who have had all departments, 
both ‘scientific, practical, and literary, 
under their direction. It is believed that 
the plan proposed for the half-time school, 
where a corporation is formed and a 
charter secured for doing exactly what 
the school shop wishes to do, will have 
great advantages over educational cor- 
porations as heretofore formed and char- 
tered. 

It is difficult at present, though not so 
difficult as it was twenty-five years ago, to 
find valuable men who are competent to 
assume the direction of both school and 
shop; and when this responsibility is 
divided and assigned to different men 
the difficulties do not disappear. 

A corporation chartered to conduct 
school shops independently of the book 
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department of the school need not be 
limited, as our technical school corpora- 
tions are—that is, they would be chartered 
to conduct a school shop solely for educa- 
tional purposes by means of a commercial 
shop, which would sell its products in the 
open market for the benefit of an educa- 
tional institution. 

One of the greatest objections to com- 
mercial productive shops in_ technical 
schools, and possibly the only real objec- 
tion, has come from the complaint of 
local manufacturers, who make the narrow 
claim that an educational institution, 
exempt from taxation, has no right to 
enter into competition with other manu- 
facturers who are obliged to pay taxes 
and also obliged to pay all their help, 
while the students work without pay in 
school shops. 

Of course this argument is not reason- 
able, since any manufacturer is at liberty 
to take students if he can offer them 
instruction and wages valuable and attrac- 
tive enough to compensate them for their 
time. Nevertheless this objection has 
had an influence, and has been a hin- 
drance to several of the most promising 
technical schools. 

The trustees of the half-time school 
shop would be business men, chosen for 
their ability and practical knowledge in 
all manufacturing and mechanical industry, 
and especially for their interest in young 
men. ‘These trustees would give their 
direct attention to the control, direction, 
and approval of the acts of the super- 
intendent in the conduct of the school 
shops and the management of its financial 
and business affairs. The superintendent 
would be a competent man, appointed, 
and subject to removal by this board of 
trustees. All other officers and employés 
of the shops would be under the control 
of the superintendent. 

While the responsibility of this board 
of trustees would be primarily centred 
upon the shop department of the school, 
the book department, which is supported 
and conducted by the public school board, 
would be largely influenced by them, and 
they would quite likely be members of 
the school board as well as trustees of 
the corporation. 
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THE FINANCIAL QUESTION REGARDING THE 
CURRENT OPERATION OF SCHOOL SHOPS 
AFTER THEY HAVE BEEN ESTABLISHED, 
EQUIPPED, AND PROVIDED WITH A WORKING 
CAPITAL. 


Having briefly outlined the scope of 
the shop training for the pupils, it may be 
well to say a word regarding the business 
and financial aspect of the school shops. 
The chances for financial support and 
success are not less than industrial enter- 
prises where the central object and motive 
is to make money. The advantages for 
financial success of the enterprise are :— 

First: The school shops would have a 
superior board of trustees who would serve 
without pay. 

Second: A property, equipment, and 
some working capital without interest and 
possibly free from taxation. 

Third: The difficulties of establishing 
a reputation for reliability and excellent 
workmanship are no greater than in the 
case of ordinary shops. 

Fourth: Business can be secured to 
some extent through the goodwill and 
interest of gentlemen having faith in an 
enterprise to aid young men and advance 
the standing of mechanics and mechanical 
engineers. 

Fifth: Although a large number of 
beginners in a shop bring great care and 
many perplexities, it must be insisted that 
fifty or a hundred young men, interested. 
earnest, well-disposed, enthusiastic, and 
energetic, bring a large amount of power, 
which may be indeed useful and valuable 
to the business when it is properly 
directed. 

As a basis of confidence in the financial 
estimates for the maintenance of school 
shops I offer the following facts, which I 
take from the annual report to the trustees 
of the Washburn Shops, a department of 
the Polytechnic Institute of Worcester, 
Mass., at the end of the twenty-sixth year, 
namely :— 

For twenty-six years the average annual financial 
gain is $2,357°25, and the gain for the last five 
years is as follows : 


1891 - ... .» $$ 4,567°80 
1892... on 5,487 °87 
3003... xe 11,814°83 
ee. <a oes 7,326 88 
1895 se aaa 15,729°90 

















For the twenty-sixth year the sources of gain are 
as follows :— 





From general manufacturing ... .. $ 4,285°21 
From the manufacturing of grinding 
machinery ... ue eo , 792°29 
From the manufacturing of patented 
grinding machinery ..  3,799°06 
From the manufacturing of ‘hydraulic 
machinery... a pv .» 25,499°88 
From interests on shop deposits 145°93 
345432°37 
For apprentice tuitions 3,000 ‘00 
372432 °37 
FROM TREASURER’S REPORT. 
Income W. M. S. Fund 2,539°50 
Interest on deposits 126°55 
40,098 "42 


The gain from the first items, which 
constitute the manufacturing business of 
the school shop, is the net difference 
between the cost in material and labour 
and the amounts collected as selling 
price. ‘Therefore from the. gross gain of 
40,089'42 dols. we must deduct the 
amount of current expenses for the year 
of 24,368°52 dols., and get the net gain 
of 15,729°90 dols. 

The current expense is made up 
of all unproductive expenditures, coal, 
gas, insurance, etc., and also the super- 
intendent’s salary, together with every 
hour of unproductive labour devoted 
to instruction, etc. This amounts to 
19,868°52 dols., and an allowance made 
to cover possible loss in _ collecting 
accounts, etc., 4,500°00 dols., making 
the amount above stated to be 
24,368'52 dols. 

It should be said that in this show- 
ing no allowance is made for depre- 
ciation of real estate or equipment 
further than a liberal system of repairs 
and replacement of tools, this being 
the method designated by the founder, 
who provided a fund of 50,000 dols., 
from the income of which he wished 
to meet depreciation without charging 
the same to the account of the school 
shop. 

Without including the income of this 
50,000 dols. fund, for the last five years 
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the shops were more than se/f-supporting, 
as follows :— 


1891 sim $ 1,660°70 
1892 = 2,637 °48 
1893 oss 9,189°71 
1894 es 4,432°49 
1895. 13,063 °85 


This is after 4,500°00 dols. have been 
set aside to cover possible losses in col- 
lecting. 


TWENTY-SEVEN YEARS COMPARED, 


The average number of students in the 
shops for the twenty-seven years was 95°11, 
and for the last six years 167. The average 
number of workmen employed for the 
twenty-seven years was 23°88, and for the 
last six years 57. The average annual 
pay-roll (not including superintendent’s 
salary) for the twenty-seven years was 
15,305°37 dols., and for the past six years 
it was 33,094°77 dols. The average 
amount paid for unproductive labour, chief- 
ly for instruction, for the last twenty-seven 
years was 4,957°29, and for the last six 
years it was 11,271°35. Theshop profits— 
that is the excess of selling price over the 
shop cost in material and labour and in- 
cluding the small tuition feescf the first year 
class—average for the twenty-seven years 
annually 10,694°64 dols., and for the last six 
years 28,207°77 dols. For four years out of 
the twenty-seven, more money was paid into 
the treasury than was drawn or used for 
the entire needs of the business. The 
cash business of the shop, that is collections, 
averaged for the twenty-seven years annu 
ally 3,189°71, and for the last six years 
annually 78,755°40. 

It should not be overlooked that, not- 
withstanding this apparent over-shadowing 
array of financial and business considera- 
tions, everything, from first to last, is made 
subservient to the interests of and entirely 
for the best and highest educational advan- 
tages of the students who are in these 
shops for what they can learn, and that 
their chances for becoming the most 
effective men are not to be hindered but 
enhanced by this atmosphere of real 
business. That the references for con- 
firmation of my faith in the great possibili- 
ties of a real machine shop as the most 
effective means of education and of my 
faith in its feasibility wherever it is given 
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a fair chance, may not seem too local and 
too personal, I do not wish to confine 
your observation to the Worcester School, 
where a kind Providence decreed the 
better part of my life should be spent. 
But we have established similar school 
shops nearly equal in extent and import- 
ance in Virginia and in Georgia. In 
Atlanta, Ga., where I spent a year in 
assisting to establish the school shop, the 
result educationally was everything that 
could be desired, and more than was 
expected. 

The financial statement for the first 
year even was as follows, which, by the 
way, was as good in many ways as we 
were able to show at Worcester at the end 
of five years. To show the advantage of 
having a precedent to start from and to 
improve upon, the financial report of the 
Georgia School of Technology Shops for 
the first year (of nine months), from 
October 1st, 1888, to July 1st, 1889, is 
as follows :— 


‘Assets per inventory— 





Equipment at cost $19,587 °52 
Material: raw, wrought, and in 
process ae 2,790°79 
Total $22, 378°31 
Sale of shop products— 
Cash collections.. $9,076 90 
Accounts in collection, Tess bills 
owed ... be oe 514°46 
Cash in shop office. 306°32 
The net cost of operating the shops 
the first year, not including the 
salary of the superintendent, which 
was met from other funds, was ... 1,865°78 


SECOND FORM, SHOWING SAME RESULTS AS 
PREVIOUS PAGE, 





Total expenses as per ledger ... . $4,856°29 
Amount lost from equipment ... oak 21°78 
Total . $4,878°07 
Profit made on manufac- 
turing . - $1,688 °05 
Profit made on manufac- 
turing castings ... .» 1,324°26 3,012°31 
The cost of running shops for the first 
fiscal year (nine months), not includ- 
ing superintendent’s salary ... 1,865°78 


There are about 1o0o students in these 
shops, and the number of employed men 
varied from 20 to 50. 
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There is so much labour necessary to 
complete the shops the first year that the 
amount of business is necessarily small 
and the chances for self-support greatly 
reduced. 


DBYELOPMENT OF CULTURE IN THE SHOPS 
POSSIBLE. 


Although of course we want better 
educated workmen, it does not follow that 
they need nothing but more years in 
school before they go into the shops. We 
have complaints on every hand that work- 
men are dull, coarse, and uncultivated, 
as well as ignorant, and there seems tobe 
a general belief that education would 
remedy many of the existing evils among 
workmen, evils that spring up from selfish- 
ness, jealousy, and narrowness, which lead 
to all the bad effects of trades-unionism. 
But education, if it is confined to the book- 
work of the class-room, consisting largely 
of learning facts, will not in itself remedy 
these evils, no more than the mere 
acquirement of skill. This is only a part 
of the education needed by machinists, 
foremen, or engineers. The fact that 
men of culture are commonly university 
men has naturally led to a wrong con- 
clusion as to the effect of education 
and to erroneous expectations regarding 
the remedial effects of universal education 
for the evils of the working classes. 

The scholastic work of the university is 
indeed but a small part of the good of the | 
cqllege life. Commonly the boy who 
enters college has inherited the elements 
of culture, and he leaves a home where 
all the early and formative portion of his 
life has been amid influences of refine- 
ment. Whatever additional culture he 
attains comes very largely from his social 
intercourse with superior men as instruc- 
tors, and from college life with his mates, 
who are in most cases his equals or 
superiors. We are likely to ascribe alto- 
gether too much credit to the learning 
acquired at college in the development of 
the man. I do not say this to disparage 
in the least the superior culture of the 
educated man. But a clear knowledge 
of the true source of this superiority is of 
vital importance in the consideration of 
my subject especially the education of 

















Education of Machinists, Foremen, and Mechanical Engineers. 137 


machinists. Book knowledge, however 
important and valuable it may be, is but 
a small part of the general education 
needed by the machinist and the foreman. 
From this fact, to a large extent, springs 
the confidence in the plan of technical 
education which this paper proposes. It 
proceeds upon the assumption that machin- 
ists need education and culture and can 
make good use of them, and that it is 
possible to supply these within much less 
time than is usually devoted to scholastic 
work in the case of boys who are born in 
more favoured circles and are educated 
for the professions. Wonderful results can 
be obtained under favourable conditions 
in developing culture and the higher traits 
of character and mental discipline in the 





workshop and possibly as effectivély as in 
the school room. It has never been 
proved that this is not entirely practicable. 
It is not denied that one source of culture 
comes through the acquirement of know- 
ledge and skill; but this is only one means 
and perhaps not the most important one. 
A more important source, as already men- 
tioned, is by the intercourse with superior 
men and teachers ; and this means of cul- 
ture is just as possible in a machine shop 
as it is in a college, provided we can 
secure the superior men for teachers in the 
shops. In the past, conditions have been 


so unfavourable for the education of 
mechanics that it is difficult to appreciate 
at first thought the large possibilities of 
their future development in this direction. 














Modern Jce-Making and 
Refrigerating Plants. 


By A. C. LEMPRIERE BACK, M.I.Mech.E. 
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HE purpose of this paper is to sketch 

in brief outline a general descrip- 

tion of the works and machinery 

employed for the manufacture of 
ice, and for the maintaining of low 
temperatures in warehouses for the pre- 
servation of goods of a perishable nature, 
and with special reference to the general 
arrangements and other economies con- 
nected with such works. 

But, before we begin a description of 
such plants, it will not be out of place to 
make a few remarks upon the industrial 
importance of this branch of engineering 
and upon its development. 

Few of us, perhaps, know or realise how 
much we owe for the necessaries and 
comforts of life to this comparatively 
recent victory of science. This secret 
must be allowed to some extent to remain 
with those who are accustomed to deal in 
articles of food. The boon to them as 


well as to those whom they serve is 
inestimable. 
Hundreds of thousands of tons of 


perishable articles of produce raised in 
this country and imported from abroad 
are systematically stored and preserved in 
a perfectly wholesome and good condition 
in readiness for market. And thousands 
of tons of goods formerly allowed to be 
thrown to waste or sold in a poor con- 
dition at a low figure are now promptly 
put into cold store and preserved in a 
sound and fresh state until a good market 
offers. 

The saving alone in this way is a very 
large one, and distinctly conduces to the 
national wealth. In a country which can 
produce only a fraction of the necessaries 
of life within its own shores, it becomes 
more important, when the cost of pro- 
duction as well as freights have to be paid 
for, that nothing should be wasted. 





The development of the industry of 
refrigeration permits this, so that it may be 
included amongst the most important 
factors of our industrial progress. 

Not only are we indebted to this 
industry for cold stores, but also for the 
production of ice in the midst of summer 
weather. And the.ice produced in this 
way by mechanical means is of undoubted 
purity, and of a quality for cooling pur- 
poses far superior to the imported article 
from Norway. Instances of this shall be 
mentioned later in this paper. 

The consumption of ice in this country 
is very largely on the increase. In spite 
of the enormous quantities now manu- 
factured, the importation of Norway ice 
still steadily increases. 

The fish merchant and fisherman, 
brewer, butcher, dairyman, and othefs 
are all becoming well alive to the fact that 
pure ice is an indispensable aid to the 
proper carrying-on of their business, and 
since the introduction of ice factories the 
householder is enabled to buy his block of 
ice at a reasonable figure; he will no 
longer look upon the ice safe, with its cool 
butter, cream, and fruit, &c., as a luxury, 
but as one of the necessaries of a civilised 
life. 

Although most of our large towns have 
already erected. their ice factory and cold 
stores, there are yet no less than 130 
towns in the United Kingdom of popula- 
tions over 15,000 that have not yet availed 
themselves of the advantage. 

London possesses no less than 22 plants 
varying in capacities from 100,000 to 
500,000 cub. ft. of cold storage, and from 
10 to 125 tons output of ice per day. 

Liverpool possesses some six or seven 
plants, one of no less capacity than 
1,000,000 cub. ft. of storage, and in 
addition and on the same premises an ice 
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plant producing 50 tons of clear, pure ice 
per day ; and we could mention some 50 
to 60 other towns more or less provided 
for, with storage capacity varying trom one 
to many thousand cubic ft., and with ice 
plants capable of producing from three to 
three hundred tons per 24 hrs. 

At Grimsby a factory is nearing com- 
pletion for producing at least 300 tons per 
24 hrs. This particular factory is mainly 
for supplying the fish trawlers and 
merchants. 
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But, looking at the matter from an 
engineering point of view, and with regard 
to the development of the machinery and 
apparatus required for producing and 
maintaining these low temperatures, we 
may say that very rapid strides indeed 
have been made, and the machines 
brought to a great state of perfection in 
spite of the improvement still to be made. 

The rapid progress made in the 
development of the refrigerating machine 
is very marked when compared with the 
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DIAGRAM OF COMPRESSOR OR REFRIGERATING MACHINE. 


The above facts are sufficient to show 
that the industry has become well- 
established, and has come to stay. But, 
bearing in mind the immense scope in the 
many varying directions to which refrigera- 
tion can be applied, we cannot say that 
the application of it is yet more than in its 
infancy. 


slow development of its counterpart, the 
steam engine, and the reason is not 
difficult to see. During the development 
of the steam engine the thermo-dynamic 
laws, as laid down later by Carnot and 
others, were not thoroughly known or 
appreciated. And thus progress depended 
on experiments and the use of empirical 
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rules based upon previous experiments 
and practice. 


Inventors and designers had to work | 


more or less in the dark, not being able to 
predict the precise results of their labours. 
In the case of the construction of the 
refrigerating engine it was different. The 
laws of thermo-dynamics had become 
established in the perfecting of the heat 
engine and were thoroughly understood, 
and formed the proper and only basis 
upon which to work in practice for 
approximating to the theoretically perfect 
refrigerating engine. 





6-CWT. BLOCKS OF CLEAR CELL ICE, MADE BY MESSRS. J AND E, HALLS 


CARBONIC ANHYDRIDE PROCESS, 


If we turn to the works of Kirk, 
Windhausen, Coleman, and others, we 
shall find they are constantly drawing 
their conclusions for practice from the 
known laws of physics. 

It was seen that the perfect refrigerating 
engine was, so to speak, the counterpart 
of the perfect heat engine. For they are 
the reverse of each other. 

In the heat engine we have the heat 
converted into mechanical energy, and the 
energy absorbed by other machinery. 
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In the refrigerating engine we have 
work converted into heat and the heat 
expelled. 

It is on this account, namely, that 
science has so largely aided practice, that 
we owe the rapid development and per- 
fecting of the refrigerating machine. 

In speaking of the refrigerating machine 
I am confining myself in this paper to 
what is known as the Vapour Compression 
Machine, and leaving aside the Cold Air 
Machine, the Absorption Machine, and 
Vacuum Machine, since the Compression 
Machine is now by far the most used, and 
I may say the only machine 
used on any large scale, because 
of its greater economy, requiring 
only about one-fifth the quantity 
of coal that a Cold Air Ma- 
chine would consume for the 
same cooling effect produced. 

If it be asked why have we 
not developed the refrigerating 
industry in this country so much 
as has been the case in America, 
the reason may be given that 
our climate is more equable, 
and we have not had the same 
necessity for the use of ice, nor 
until ships were fitted out with 
refrigerating machinery, whereby 
dead meat and other perishable 
produce could be brought to 
our shores, was there the need 
for such immense cold stores 
on land. 

If we are behind America and 
Germany in the application of the 
industry, we are certainly not 
behind in the construction of 
machinery. One of the largest 
manufacturers of refrigerating 
machinery in this country, The British 
Refrigerating Co., also supplies America 
with the best of machines used in that 
country, and, as for the refrigeration 
of ships for carrying large cargoes of 
meat, we may certainly be said fairly to 
lead the way. As long ago as 1896, 
ships of a total capacity for carrying 
frozen and chilled meat, fitted out by 
one firm alone, Messrs. J. & E. Hall, of 
Dartford, Kent, amounted to no less a 
figure than 100,000 tons dead weight. 
































In considering a modern ice factory and 
cold storage plant, it may be noticed that, 
since the same machinery and staff to a 
large extent can be employed both for the 
production of ice and the maintaining of 
cold store temperatures, it becomes very 
much more economical to work them in 
conjunction on one set of premises. 

The separate departments will be :— 
(1) The Boiler Installation. 
(2) The Engine Room. 
(3) The Tank Room. 
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units of heat in fuel comsumption, so 
that it becomes of paramount importance 
to have efficient steam boilers. Fuel is 
always the chief item of cost in production 
here. We should aim at having the 
maximum number of lbs. of ice per Ib. of 
coal, or cubic ft. of cold-storage space 
maintained at a given temperature per ton 
of coal for a given time. 

In some localities where the water is 
not pure, the boilers are not only required 
to produce steam for the power, but have 
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(4) The Ice Store. 
(5) The Cold Stores. 


THE BOILER INSTALLATION. 

It is not possible to give ‘too much care 
and consideration to the laying-down of 
boilers for steam-raising. Here is the 
generation of all our power required for 
production, and it must be remembered 
that for every unit of refrigeration we 
obtain means the expenditure of so many 


to supply in the form of condensed steam 
every lb. of water that is to be made into 
ice. This would treble the coal con- 
sumption, and form a very forcible and 
additional reason for obtaining the most 
efficient boiler installation. 

It has been said by an American 
engineer that what would at once strike a 
man as strange when viewing an ice 
factory for the first time from the outside 
would be the fact that, as coal entered in 
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at one door, ice went out at another. 
And this is exactly what is continually 
taking place within the factory, namely, 
the production of “cold,” if we may so 
speak, by the energy of “heat.” 

It is beyond our purpose here to discuss 
the different types of boilers and their 
comparative efficiencies. . For those who 
wish to study the subject, I cannot do 
better than refer them to Prof. Bryan 
Donkin’s lately published book, “ The 
Heat Efficiency of Steam Boilers,” Charles 
Griffin & Co., London. 

Whatever type we choose, the matter of 
primary importance is efficiency. That 
is, we want to obtain the maximum 
amount of useful heat in the form of 
steam for the minimum amount expended 
in coal. .But there are special features in 
the working of refrigerating plants that 
make some forms more convenient than 
others. 

It must always be remembered that an 
ice factory is required to work continuously 
day and night, so that types of boilers 
which require frequent cleaning are not 
desirable. It is also important to have a 
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type which contains a large 
store of water, so that when the 
stoker may be required to assist 
for a short time in the engine 
_ room, the boilers may be left 
and the supply of steam not 
suffer. Where room is limited, 
and it may not be possible to 
put in large Cornish or Lanca- 
shire boilers, a well-tried and 
reliable type of externally fired 
water-tube boiler may be used. 
These boilers are economical 

if of sufficient heating surface 
and carefully stoked and kept 
clean. They have some ad- 
vantage in first cost. Their life 
is longer and higher pressures 
can be used, and there is less 
damage done in case of ex- 
plosion. But the water space 
is limited, and they require 
careful watching to maintain a 
constant pressure, and as stokers 
in ice factories are generally 
required to take a 12 hours’ 
shift the tax is more trying. 
They also give considerable trouble if the 
water is hard or impure in the choking up 
of the tubes; but provided the water is 
good and surface-condensing engines are 
used, they give no trouble from this cause. 

There is one type of boiler, however, 
which I wish specially to notice, and that 
is the externally fired cylindrical boiler 
with return smoke tubes. This boiler 
does not seem to have the attention shown 
to it that it deserves by steam users in this 
country. It is a very favourite type in the 
United States of America, and I believe I 
am right in saying it is the type almost 
exclusively used in America for ice fac- 
tories and cold stores. 

The first cost is much less than that of 
the Cornish or Lancashire type, or the 
various water-tube types. It requires less 
space for the same size than the first two 
mentioned types. The brick-work is simple 
and less costly, and it has the advantage 
of a large water capacity; and, what is 
most important, it is efficient. 

This boiler is cheap to make. It con- 
sists of a single shell with a number of 
return smoke tubes. It is fired from in 




















front, underneath the shell, and the direc- 
tion of the gases is along underneath the 
bottom and into a combustion chamber 
at the back, returning by the smoke tubes 
to the chimney in front, or the gases can 
be again carried along the sides to a stack 
at the back. With all the advantages 
mentioned above, it seems strange it is 
not better known and more used in this 
country. 

Whatever form of boiler is used it is 
important always to have at least two, 
either of which will easily supply all the 
steam required. We have to work at 
night as well as day. One boiler can 
then always be laid off for cleaning with- 
out interfering with the output of ice or 
cold-storage temperatures ; or should any 
of the fittings need repair on one boiler, 
the other can do full duty. Of the im- 
portance of continuous running day and 
night more will be said later. 

THE ENGINE ROOM. 

Since I wish to speak in this paper 
with some special reference to the general 
arrangement of the different departments 
of these works as well as of the machinery 
in them, I may say here that the 
engine-room, when possible, is 
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The engine-room is best always on 
the ground floor, where good solid. con- 
crete foundations can be formed for the 
machinery, and when it is borne in mind 
that the machines have to be kept running 
for months, day and night, the matter of 
good foundations and general strength and 
stiffness of all parts should have special 
attention paid to it. 

I have known a case where the concrete 
foundation of a compressor failed after 
having been worked for 18 months. The 
last three months the machine was worked 
continuously day and night, except for 
slight stops for examining valves, &c. 
The continual vibration in the end caused 
the foundation to give way in spite of 
its being placed in solid slate rock. 

Crank shafts, especially of gas engines, 
have been known to suddenly -fail after 
many months’ running. 

The fact of coupling rods on the driving 
wheels of locomotives failing, fora long time 
puzzled designers, until it was discovered 
that it generally happened on extra-long 
runs. ‘This law of “fatigue” has to be 


taken specially into account in connec- 
tion with refrigerating machinery. 





always best placed in close con- 
junction with the boiler-house, 
so as to communicate with the 
same in such a way that the 
stoker whilst stoking is able to 
keep an eye on the machinery, 
and to be able to attend easily 
to any little matter of lubrication 
if the engineer in charge is-called . 
away to attend to some of the 
auxiliary machinery in another 
part of the building, or whilst he 
is taking the various tempera- 
tures of brine or stores for entry 
in the engine-room log. 

The close proximity of the 
engine-room and _boiler-house 
also lends itself to an arrange- 
ment of steam pipes of the least 
possible length. A long steam 
pipe, especially if insufficiently 
lagged, is a source of much 
greater waste than is often given 
credit for. 








KECOOLER : SPRAY NOT WORKING 











144 


And for the same reason of continuous 
running all parts in the engine-room 
should be of the simplest construction 
possible. Multiplication of belts and 
shafting is to be avoided. The very best 
design, material and workmanship should 
be used, the initial cost for the best work 
being infinitesimal when compared with 
the trouble and upkeep of indifferently 
laid down plant. 


COMPRESSORS. 


The compressors or refrigerating ma- 
chines form the chief feature of interest 
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and importance in the engine-room. It 
is by means of these machines that the 
ice is made and the low temperatures 
maintained in the stores. I will endeavour 
to give a clear description of the working 
of these machines, so that those unaccus- 
tomed to dealing with the laws of thermo- 
dynamics may be able to follow the pro- 
cess of refrigeration as it takes place in its 
several stages. But at the outset it will 
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be necessary to get rid of an erroneous 
idea of “cold.” Scientifically we must 
not speak of “cold,” but express our ideas 
always in this connection in terms of 
“heat.” That is, we must speak of high 
or low temperatures of “heat.” It is heat 
we are dealing with, and heat only. There 
is no such thing as cold itself. It is 
merely a term expressing a personal sen- 
sation, and has no -more in itself an 
existence than seeing or feeling. ‘“ Heat,” 
however, does exist, and exists in varying 
quantities in all material objects. In re- 
frigeration we do not annihilate heat. 
That is impossible ; all we can do 
is to remove it. We can take it from 
one place where we do not want it 
and place it in another where, at all 
events, we do not mind its being. 
For instance, we can collect the 
“heat” in a cold store and from 
the goods stored, and place it out 
side the building. 

As for the question, “ What is 
heat?” The best answer that can 
be given is that heat is a “form of 
energy.” 

The old idea that it is a “sub- 
stance” pervading all matter is not 
now generally accepted. 

For our purpose we have to con- 
sider it as a quantity, and a quantity 
which can be strictly measured, and 
our unit of measurement or thermal 
unit is the quantity of heat required 
to raise one pound of water one 
degree in temperature, so that if we 
had to raise one pound of water at 
60 deg. Fahr. to 70 deg. Fahr. we 
should have to pour into it (by say 
a gas jet or other means) a quan- 
tity of heat equal to ro thermal 
units ; or conversely, if we wanted to 
reduce in temperature one pound 
of water from 70 deg. Fahr. to 60 deg. 
Fahr. we must abstract by a refrigerating 
machine or other means a quantity of 
heat equal to 10 thermal units. 

To illustrate this abstracting of quan- 
tities of heat we will take two typical 
cases. First, say it is required to make 
from water at 65 deg. Fahr. one pound of 
ice. We have one pound of water then 
at 65 deg. Fahr.- We abstract one thermal 
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unit, and the water stands at 
64 deg. Fahr. We abstract 
another, and the water is at 
63 deg. Fahr., and so on until 
the water is at 32 deg. Fahr. 
And here by nature’s law we 
must stop the reduction in 
temperature, we cannot reduce 
water below 32 deg. Fahr. in 
temperature as water. Im- 
mediately we abstract more 
heat, instead of the water 
falling in temperature, part of 
it turns to ice, and we shall 
find that when we have ab- 
stracted 1424 more thermal 
units, after the water has come 
to 32 deg. Fahr. we shall have 
all the water frozen, so that to make one 
pound of ice from water at 65 deg. Fahr. 
requires 65 —32 + 1423 = 1753 thermal 
units as the quantity of heat to be ab- 
stracted. Since different substances re- 
quire different quantities of heat, to 
reduce their temperatures by the same 
amount we may take one more illustra- 
tion. . Say we have to cool one pound of 
beef from 65 deg. Fahr. to 35 deg. Fahr. 

The quantity of heat to abstract to 
reduce the pound of beef one degree 
would ‘be only ? of a thermal unit, so 
that 65—35 x }= 223 thermal units as the 
quantity of heat to be abstracted. 
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It is necessary to have this clear idea of 
measuring heat in exact quantities ; and 
we must banish the idea of cold, since it 
means only our sensation caused by the 
absence of more or less heat, and cannot 
be used as a scientific term. 

It is necessary also to note that “ tem- 
perature” is not heat temperature, but 
merely denotes, so to speak, the level of 
heat in a substance. The pound of water 
and pound of beef may be at the same 
temperature, but the water contains } as 
much heat again as the beef. 

The temperature of all objects always 
tends to come to the same level. ‘That is, 





DIRECT STEAM-DRIVEN CARBONIC ANHYDRIDE COMPRESSOR. 


MESSRS. J.-AND E,. 


Vol. 5.—No. 25. 


HALL, LTD., DARTFORD. 








146 


if two bodies placed together either in 
actual contact or near each other, one body 
being at a different temperature to the 
other, the hotter body, as we call it, will 
part with heat which the cooler body will 
absorb until they both reach the same 
level of temperature, and the resulting 
temperature to which the two bodies have 
come will again either rise or fall as the 
case may be to the temperature of all 
surrounding objects. 

Thus it is that the cold stores inside 
tend to come to the temperature outside, 
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and we can thus see that the product is, 
after all, ‘‘ natural ice.’ 

We may now proceed to describe 
generally the nature of the working of 
these machines, or, as we may term them, 
for the moment “ heat removers.” 

The modern refrigerating compressor 
is a machine through which low tempera- 
tures are produced by means of mechanical 
energy. We require force, a motive power, 
whereby heat is raised to a high level of 
temperature and thus got rid of. 

We will take a_ well-known form of 
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and the function of the refrigerating 
machine is, not only to cool down the 
goods after they are put in store, but to 
pick up and turn outside all heat con- 
stantly leaking in through walls, ceilings 
and floors of the stores themselves, and in 
ice-making all the refrigerating machine 
has to do is to abstract the heat from the 
water. And when sufficient heat has been 
abstracted, the water “naturally” becomes 
ice, following the laws of its own nature ; 


machine that can be easily illustrated by 
a diagram, and leave aside for the present 
those with evaporative condensers and 
direct expansion coils. 
There are four principal parts of a 
Vapour Compression Machine :— 
(1) The compression cylinder. 
(2) The condenser. 
(3) The regulator. 
(4) The evaporator. 
I take them in this order as it is the 

















Modern Ice-Making and Refrigerating Plants 


order in which the several parts in turn 
deal with the refrigerant in its continuous 
circuit round the machine. 

A brief description of each part will 
suffice before explaining the refrigerating 
process. 

The refrigerant to be dealt with in the 
machine is a gas. One of three is 
generally used—ammonia, carbonic acid, 
or sulphuric acid. Whichever gas is used 
the principle of action of the machine is 
the same. 

The compression cylinder, or com- 
pressor, is a very carefully constructed 
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double-acting gas pump. Its function is 
to draw gas at a lower pressure and 
temperature from the evaporator and to 
deliver it at a higher pressure and 
temperature into the condenser. 

The condenser consists of a series of 
connected coils of steel tubing, into which 
the gas is compressed. These coils are 
surrounded by a constant circulation of 
cold water, kept in place by a wrought-iron 
casing. The function of the condenser is 
to enable the gas to be liquefied—-z.e. 
condensed. 


(70 be concluded.) 
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IIL—MESSRS. CLARKE, CHAPMAN & CO., LTD., GATESHEAD. 


ESSRS. CLARKE, CHAPMAN & Co.’s 
stall at the Glasgow Exhibition is 
one of the most interesting in the 
Machinery Hall. It occupies a 

large space and the exhibits are well 
displayed. In particular, an arrangement 





MESSRS. CLARKE, CHAPMAN AND CO.’S EXHIBIT: 
24-IN. SEARCH-LIGHT PROJECTOR, 





of four pumps, drawing water from a tank 
under the floor, and allowing it to flow 
back into the tank in a sort of cascade, 
the stream being illuminated by means of 
incandescent electric lamps of different 
colours, the colours being automatically 
changed at each stroke of one of the 
pumps, is very effective, while the method 
of accomplishing the change of colour of 
the lights is as simple as it 1s beautiful. 

In the middle of the stall is a model of 
the conning tower of a man-o’-war, on the 
top of which is placed a 24-in. search-light 
projector, with automatic lamp, parabolic re- 
flector, and lens, the whole being mounted, 
as usual, on trunnions and on a horizontal 
pivot, but with the addition, so far, of 
electrical apparatus, enabling the projector 
to be trained and elevated from the deck, 
or from any convenient position where the 
man controlling the motion of the pro- 
jector would be out of danger from the 
guns of the enemy. The training and 


‘elevation are accomplished by means of 


two small electric motors, which are con- 
cealed in the brass cylindrical pedestal 
upon which the projector itself is mounted. 
Each motor is about one-third horse- 
power. One of them is geared to the 
elevating arrangement, which consists of a 
spur-gear movement working over a brass 
arc attached to the under side of the 
projector, the gearing to the motor itself 
being worm and wheel., The other motor 
is geared to the traversing or horizontal 
motion, also with worm gearing. The 
controller is carried on a brass pedestal, 
similar to those used with some forms of 
steam telegraphs, and consists of a cylin- 
drical box placed vertically on the top of 
the pedestal, and having two insulated 
handles working a series of contacts inside 
the box. The contacts inside the box 
represent the different arrangements of 
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connections necessary to cause the motors 
to turn in either direction as required to 
train the projector. ‘The motor for eleva- 
tion is controlled by one of the handles, 
and the motor for traversing by the other 
handle.* 

The arc lamp in this projector is con- 
trolled by an electromagnet, but can also 
be controlled by hand, if desired. The 
arrangement is on the shunt principle. 
When the lamp is not burning, the carbons 
are separated bya small fraction of an inch 
by the operation of a spring provided for the 
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each other, the coils of the electromagnet 
receive more and more current, till at a 
certain moment, depending upon the 
regulation of the strength of the opposing 
spring, the pull upon the armature of the 
electromagnet is sufficient to overcome the 
pull of the spring, and the lamp feeds, the 
electromagnet coils losing their power 
immediately the lamp has fed. 

There is an arrangement also for keep- 
ing the lamp itself in such a position that 
the arc preserves its position in the focus 
of the mirror. Two other projectors are 
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purpose. When the current is turned on, 
the electromagnet, whose coils are in shunt 
with the arc, is energised, and its action 
pulls the carbons together. Immediately 
the carbons touch the electromagnet loses 
a large portion of its current, and the 
spring then overpowers the pull of the 
armature, striking the arc. As the arc 
burns longer and the carbons recede from 





* This feature of mechanical control from a point distant 
from the projector itself is much appreciated by all foreign 
navies, but up to now it has not met with the approval of 
the British Navy or War Office. 





shown. One of 20 ins., for use in passing 
through the Suez Canal, and one of 12 ins. 
for yachts. The Suez Canal lamp is hand- 
regulated, there being two screw motions, 
one to bring the carbons together, or to 
separate them, and the other to alter the 
position of the arc itself. It is fitted with 
a parabolic mirror, carried on suitable 
springs, and at the front end of the pro- 
jector there are two diverging lenses, 
mounted on hinges and arranged so that 
they can be easily changed. One of these 
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lenses is constructed to give a broad beam 
of light of the same vertical depth as the 
beam would be if projected from the 
mirror without the interposition of a 
diverging lens; the other lens gives a 
beam of the same lateral and vertical form, 
but leaves a portion in the centre equal 
to 5 degs. angle of arc unilluminated. 
So that the effect is, there is no blinding 
light right ahead of the ship, but a light 
on each side, on each bow, so that she 
can see exactly where she is going, and a 
passing ship can see also without those 
who are conning being blinded by the light. 
The 24-in. projector, with its electric 
control, is as supplied to the English 
Admiralty, the Japanese Government, and 
others, and is shown in operation, the 
search-light on the conning tower being 
worked at night and turned about at will 
from the floor of the stand, which corre- 
sponds roughly to the deck of a ship. 


THE ELECTRICAL SHIP WINCH. 
Another interesting exhibit, which is 
shown in operation, is the electrical ship 
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winch. It is constructed to lift 3 tons at 
the rate of 60 ft. per minute on the main 
barrel, or the equivalent at an increased 
speed on the whipping drums, which are 
fitted on the ends of the main barre) shaft 
and on the ends of the second-mation shaft. 
The winch is driven by an electric motor 
of the enclosed type, nominally 16 h.p., but 
able to exert a larger power for a short 
time. The motor shaft drives the second- 
motion shaft by worm-gear, and the second- 
motion shaft drives the main-barrel shaft 
by two sets of helical spur-gearing, giving 
two speeds, either gearing being thrown in 
at will by handles placed conveniently for 
the purpose. The main barrel runs loose 
on the main shaft, and is connected 
mechanically with the driving shaft by a 
coiled spring clutch, which is thrown in 
or out of gear by a lever which stands at 
the winchman’s hand. The helical spur- 
gearing is protected by stout iron bands 
from accident, and from the possibility of 
an attendant getting his clothes caught 
in them. 

The end of the motor shaft, after passing 
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the worm-gear, works in special bearings 
of the roller type, but conical in form. 
The main barrel is grooved on its face, so 
that the friction on the rope is reduced 
on the bottom layer. The motor is con- 
trolled by a barrel controller similar to 
those used for electric tramways, the 
whole apparatus forming a pedestal on 
the deck in the immediate neighbour- 
hood of the winch. The electric winch 
is shown in operation, its current being 
supplied by one of the engine and 
dynamo sets running on the stand. The 
worm is -enclosed in an iron box filled 
with oil. 

THE “ RESTLER” HIGH-SPEED 

ENGINE COMBINED SET. 

This is a directly connected 
engine and dynamo, the engine 
being of the type called by 
the older engineers high-speed, 
but by more modern engineers 
quickly revolving engines. 
They are made under the 
patents of Mr. J. W. Restler, 
the Chief Engineer of the 
Vauxhall Water Company, and 
are compound, the cylinders 
being 74 ins. and to ins. 
respectively by 6-in. stroke, 
the engine running at 450 
revolutions per minute. Like 
all engines of this type, the 
crank-shaft is enclosed, and 
the chamber in which the 
crank-shaft runs is filled with 
oil and water up to the level of 
the shaft, while a copper tube 
is also provided inside the 
chamber through which cold 
water can be pumped if re- 
quired. The special feature of 
the engine is the arrangement of the 
valves for the admission of the steam. 
The two cylinders, which stand side by 
side, are fed by piston valves which are 
on one spindle, and worked by one 
eccentric , from the crank-shaft. The 
governor is of the shaft type, and acts 
upon the admission valve to the cylin- 
ders, 

The dynamo furnishes continuous cur- 
rent at 110 volts pressure, 364 amperes. It 
is a four-pole dynamo, the field magnets 
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being carried radially inside a steel ring, 
the cores of the field magnets being cast 
in one with the ring and the pole-pieces, 
which are in two halves, being bolted on the 
cores, the bolts going right through to the 
ring. The pole-pieces are fixed on the field 
magnet cores in such a manner that Messrs. 
Clarke, Chapman & Co. claim to be 
able to do without brush regulation. The 
arrangement of the pole-pieces is, each 
pole-piece is set at an angle across the 
core of the magnet of which it forrs a 
part, so that at the commutator end one 
horn of the pole piece is lagging behind 
the core, and at the opposite end, the 
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FOR SHIP LICHTING. 


back end of the armature, the other end 
of the pole-piece is leading the core, 
in advance of it. It will be seen that the 
leading horn of one pole and the lagging 
horn of the pole in front of it are nearly 
in one line ; and it is on this line Messrs. 
Clarke, Chapman & Co. say they are able 
to place the collecting line for the brushes. 
There are the usual four sets of brushes, 
each set consisting of five carbon brushes, 
arranged to feed towards the commutator 
in a radial direction. 





The arrangement of the pole-pieces, 
enabling the regulation of the brushes 
with variation of load to be dispensed 
with, should be of very great value for the 
work the machines are intended for. It 
will be remembered that the point of 
collection at which the brushes of a 
dynamo are set is the point at which no 
sparking occurs, the point at which the 
current is on the point of changing 
its sign. This point changes its location 
with every change of load, because its 
position depends upon the amount. by 
which the field produced by the field 
magnets is distorted by the field produced 
by the armature-current ; and this distor- 
tion is necessarily greater with larger 
currents. It follows therefore that the 
position of the brushes has to be changed 
with every appreciable change in the cur- 
rent that is being taken from the machine. 
If this is not done, a certain amount of 
sparking results, which produces what are 
termed flats on the commutator, literally 
flat places, in place of the natural curve of 
the cylinder ; and the existence of these 
flats tends to increase the sparking and to 
increase the flats, so that after a time, if it 
is allowed to go on, considerable heating 
takes place, and the output of the machine 
is reduced in proportion. In industrial 
concerns, where the one idea is to get 
the work out, whatever it may be, it often 
happens that the regulation of the dynamo 
is not attended to as well as it should be. 
The man who attends to the machine 
often has also to attend to several other 
machines, and he does not see the change 
of load when it takes place. He may 
be out of the engine-house or away from 
the switch-board when a change takes 
place, and it may even have changed 
back again by the time he returns ; but 
if the change has been large, considerable 
work may have been done in the matter 
of producing flats. With Messrs. Clarke, 
Chapman & Co.’s arrangement, dispensing 
with the necessity of regulating and of the 
rocker always provided for the purpose, a 
considerable saving should be effected 
in the repairs bill, and the whole thing 
should work much more sweetly, as every 
electrical apparatus does that is not 
subjected to undue heating. 
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SHIP-LIGHTING PLANT. 

As will be understood, Messrs. Clarke, 
Chapman & Co. have made electric lighting 
for steam-ships a speciality, and two com- 
plete plants are exhibited, both running. 
One plant consists of a single engine, having 
a cylinder 8 ins. diameter, with 8-in. stroke, 
running at 300 revolutions per minute, 
coupled directly to a two pole compound- 
wound dynamo furnishing current at 
65 volts and 185 ampéres. The armature 
is drum-wound, and is fitted with two sets 
of brushes, each consisting of two wire 
gauze brushes, each brush provided with 
a separate insulating handle to enable the 
attendant to throw it off at will. The 
bearings are split, and the lubrication is 
of the old syphon arrangement. 

The other ship lighting plant consists 
of a compound engine, with cylinders 
6 ins. and ro ins. diameter and 63-in. 
stroke, running at 350 revolutions per 
minute, directly coupled to a_ two- 
pole continuous-current dynamo, com- 
pound wound, furnishing 150 ampéres 
at 100 volts. 

In both of the ship-lighting plants the 
engine and dynamo are mounted on one 
casting, which forms the bedplate for the 
two, making a very compact arrangement. 
The governor in each case is attached to 
a flywheel on the shaft, and acts by 
altering the cut-off of the slide valve. 
The governors are of a partigularly heavy 
type, giving them considerable power in 
moving the valve. These two sets, the 
single engine with its dynamo furnishing 
current at 65 volts, and the compound 
engine with its dynamo furnishing current 
at 1oo volts, illustrate the old and new 
ideas in electric ship-lighting. The early 
method of lighting was to run at 65 volts, 
and with a single engine, the reason being 
that the lower voltage lamps were stronger 
than the higher voltage, and would there- 
fore better stand the jerking and jarring 
of ship work. Also, though the boiler 
pressure in the tramp steamer is usually 
sufficiently high to warrant the employ- 
ment of triple expansion for the main 
engines, the electric lighting was so small 
a matter that it was not worth while going 
in for any complications, and so a single 
engine was used, the steam pressure being 
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arranged by a reducing valve. With the 
advances that have been made, however, 
in the manufacture of incandescent lamps, 
and with increase in the use of electric 
light, and the advent of the use of electric 
motors, the voltage of the lamps used on 
board ship has been increased, and the 
steam pressure also, compound engines 
being employed. It is noteworthy, how- 
ever, that it has not been thought advisable 
to use the 200 and 250 volt lamps that 


153 


currents, and is capable of furnishing 
3 h.p. on the brake at 1050 revs. per 
minute. Both machines are constructed 
in the now commonly usual manner, with 
stationary field magnets .and_ revolving 
armature, the field magnets consisting 
of windings, for the two phases, on the 
inside of a cylindrical cast-iron case, and 
the armature consisting of a steel spindle 
carrying a core of thin iron plates, which 
are slotted to receive the windings. In 
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are in common use in town services now, 


on board ship. 


POLYPHASE MOTORS. 


Two polyphase motors are exhibited. 
One capable of furnishing 40 h.p. on the 


brake, when two-phase currents are 
delivered to it, at a pressure of 500 volts, 
and at a speed of 525 revs. per minute. 
The other machine is also for two-phase 


the large motors the windings are kept in 
place by brass brackets secured to the 
core, but insulated from it, so that the 
whole thing is strong and compact. With 
this machine also three collecting rings 
are provided, connected to points on the 
windings on which brushes bear, to which 
it is intended that the starting resistance 
shall be connected, the whole being cut 
out of circuit, when the motor is well under 
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weigh, in the usual way. It will be 
remembered that a starting resistance is 
necessary, with polyphase induction 
motors, to enable them to start against a 
load, and for one of the reasons which 
obliges a starting resistance to be used 
with continuous current motors, viz., to 
prevent the armature current overpower- 
ing the magnetism of the field magnets, 


and thereby preventing the motor 
from being able to exert the torque 
required. 


In the small 3-h.p. two-phase motor, 
collecting rings are not provided, as with 
small motors it is usual to start without 
the load, or with only a small portion of 
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it, and to throw the load 
on afterwards. 


THE ENCLOSED MOTORS. 


The firm have their 
own type of enclosed 
continuous current 
motor, as shown in the 
drawings. The enclosed 
motor in all cases con- 
sists of, a continuous 
current motor boxed 
into an iron or steel 
case, in such a manner 
that dust cannot pene- 
trate to the brushes or 
to the insulation of the 
different parts, and it is 
also arranged that the 
iron or steel case shall 
take part in the work of 
the machine. That is to 
say, the case peforms the 
office, in all properly 
designed enclosed 
motors, of bringing the 
magnetic lines of force 
back to their position in 
the polar space and into 
the cores of the field 
magnets. In Messrs. 
Clarke, Chapman & Co.’s 
enclosed motors, the 
case is of, steel of 
high permeability, of 
one of the new forms 
of special steel which 
have lately been put 
on the market, and which take a higher 
degree of magnetism than even the best 
wrought iron, so that by constructing the 
cases of their enclosed motors of this 
material the firm have been able to secure 
strength and lightness as well as a higher 
efficiency. The motors are arranged to 
be used in practically any position on the 
floor, on the ceiling, or on the wall, thus 
illustrating the great flexibility of the 
electric system. These motors, being 
completely protected from everything that 
may be flying about in any factory, can be 
placed anywhere, in any out-of-the-way 
position, and will do their work well. At 
the same time a door over the com- 
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mutator, which fits perfectly tightly when 
in its place, can be easily and quickly 
removed to aajust the brushes and to oil 
the bearings. The bearings are ring, 
self-oiling, and the brushes are of carbon, 
with a radial feed directly on to the 
commutator as they wear away. 

Two motors of this type are exhibited, 
one for 30 h.p. at r1ro volts, and the 
motor. driving the electric winch, which 
is also enclosed, and of 16 h.p. 


THE PORTABLE ELECTRIC DRILL WITH 
FLEXIBLE SHAFT. 


A very handy form of electric drill is ex- 
hibited by Messrs. Clarke, Chapman & Co., 
the motor being carried on a little three- 
wheel truck, with the usual trolley handle, 
and the drill, which is connected to the 
motor mechanically by a flexible shaft of 
the usual pattern’ now well known, is 
carried in a vice, which enables the drill 
to be used on any work and in any 
position, the vice being clamped on to 
the work and the whole being carried by 
a pedestal on a metal table. There is 
also a bridge arrangement shown, by 
means of which any number of holes can 
be drilled, say, in a metal plate, without 
moving the drill except along the bridge, 
it moving at the same time along the 
plate. 

In addition to their electrical exhibits, 
Messrs. Clarke, Chapman & Co. show 
several pumps specially designed for ship 
and central electric lighting station work, 
boiler feeding, etc, and also steam 
windlasses, winches, and capstans. One 
of the most important of their exhibits 
is their direct-acting high-pressure feed 
pump, Woodeson’s patent, wich is shown 
in operation. In this apparatus the steam 
cylinder is vertically above the pump, the 
piston and plunger being connected 
mechanically in the usual way; but the 
admission of steam to the steam cylinder 
is controlled in a special manner by the 
requirements of the pump itself. As will 
be seen from the drawing, the admission 
and exhaust valves of the steam cylinder 
are similar to those in the ordinary slide- 
valve, but with the difference that the 
valve itself is of the piston type, and, 
further, the motion of the valve is con- 
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trolled by the motion of a small auxiliary 
valve, also of the piston type, shown in 
the drawing below the main valve, which 
in its turn is worked by the cross-head on 
the pump-rod. The steam-chest is fitted 
with a liner, made of hard, close-grained 
cast iron, and the chamber so formed is 
divided into two parts, the main valve 
working in the top portion, and the 
auxiliary valve in the lower portion. The 
auxiliary valve opens and closes ports 
which admit steam to the chamber in 
which the main valve is working, and the 
steam so admitted works the main valve 
in the way in which it is required by the 
feed. As the pumprod moves up and 
down, it moves the auxiliary valve up 
and down, so that when the pump is not 
required to do much work, when the 
boiler is nearly full, the motion is slow, 
and when it is required to fill up quickly, 
it is faster in proportion. The main and 
auxiliary valves are perfectly balanced, 
and the main valve is cushioned at every 
stroke by the steam in the steam chest. 
The main valve is made of best hard cast- 
iron, and it is claimed that it is impossible 
to replace either the main or auxiliary 
valves in the wrong position. There are 
no dead points, so that the pump will 
start from any position whenever it is 
required. ‘The valve gear is stated to be 
suitable for the highest or lowest pressures. 
All the pump rods are of cold rolled 
manganese bronze. No flat surface exists 
in any part of the pump which is exposed 
to pressure. Messrs. Clarke, Chapman & 
Co. call special attention to the advantages 
of having the pump portions of all steam 
pumps made ot gun-metal, and not having 
part made of gun-metal and part of 
cast-iron. Such an arrangement must 
give rise to galvanic action, which must 
lead to the iron being eaten away; and 
this would be especially so where the 
water being pumped contained salts of 
different kinds. ‘The pump is made single 
or duplicate, for high or low pressures, 
and can be arranged to use the steam 
expansively if desired. 


THE VERTICAL DUPLEX PUMP. 


One of the most important of their 
exhibits is their direct-acting high-pressure 
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feed pump, Woodeson’s patent, which is 
shown in operation. 

The steam cylinders of these pumps are 
usually vertically above the pump, the 
piston and plunger being connected 
mechanically in the usual ordinary way ; 
but. the admission of steam to the steam 
cylinder is controlled in a special manner 
by the requirements of the pump itself. 
As will be seen from the drawing, the 
admission and exhaust valves of the steam 
cylinder are similar to those in the 
ordinary slide-valve, but with the differ- 
ence that the valve itself is of the piston 
type, and, further, the motion of the valve 
is controlled by the motion of a small 
auxiliary valve, also of the piston type, 
shown in the drawing, below the main 
valve, which in its turn is worked by the 
cross-head on the pump-rod. The steam 
chest is fitted with a liner, made of hard, 
close-grained cast-iron, and the chamber 
so formed is divided into two parts, the 
main valve working in the top portion and 
the auxiliary valve in the lower portion. 
The auxiliary valve opens and closes ports 
which admit steam to the chamber in 
which the main valve is working, and the 
steam so admitted works the main valve 
in the way in which it is required. 
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The main and auxiliary valves are 
perfectly balanced, and the main valve 
is cushioned at every stroke by the steam 
in the steam-chest. The. main valve is 
made of best hard cast-iron, and it is 
claimed that it is impossible to replace 
either the main or the auxiliary valves in 
the wrong position. The valve gear is 
stated to be suitable for the highest or 
lowest pressures. There are no dead 
points, so that the pump will start from 
any position whenever it is required. 

This is a special recommendation for 
main feed pumps for marine purposes, as, 
in order to reap all the benefits to be 
obtained by using independent main feed 
pumps, they must be automatically regu- 
lated and controlled to run at the required 
speed suitable to deal with the amount of 
feed water delivered from the main engine 
air pumps. 

For electric supply stations and other 
installations where economy is of the 
utmost importance, these pumps are 


arranged to work with the steam cylinders 
compounded, from which some excellent 
results have been obtained in economy of 
steam and pump efficiency, the steam 
cylinders being usually arranged on the 
tandem system. 
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THE VERTICAL DUPLEX PUMP. 
The next exhibit of interest is the 
vertical duplex pump, which is also shown 
in operation. It has steam cylinders 
104 ins. diameter, water cylinders 7 ins. 
diameter and to ins. stroke. These 
pumps are specially designed for feed 
boiler at very high steam 
pressure, and are also 
largely used for working 
See’s Ash Ejector, for which 
an especially strong appar- 
atus is required, as the 
strains are very great at 
times and are alternate. 


HORIZONTAL LOW SERVICE 
DUPLEX PUMPS. 


One of these pumps is 
also shown in operation, 
assisting to pump the water, 
as described above. It has 
steam cylinders 9 ins. dia- 
meter, and pump cylinders g ins., with a 
stroke of 1oins. The pumps are designed 
for either oil cargo or ballast purposes, 
and have the same general characteristics 
as the other pumps, with the provision 
of wide valve areas and passages. 

THE STEAM WINDLASS 

This is a remarkably substantial and 
powerful-looking apparatus. It is arranged 
for working 2}-in. chain cable. One 
very important feature about it is the 
arrangement for connecting the chain 
drums mechanically with the driving 
shaft, on which, when not required to 
pull, they run loose in the usual manner. 
The connection has been termed by the 
firm “direct grip,” and that term expresses 
the matter pretty effectually. The idea 
of this patent direct grip windlass is to 
dispense with the old arrangement of 
friction cones, which are a constant source 
of trouble and annoyance owing to various 
causes, one of which is the wrongful oiling 
of cones, which makes it impossible to get 
in the cables owing to the slipping. The 
new patent direct grip entirely gets over 
this trouble, the cable-holders being driven 
direct by a series of ratchet projections 
around the driving-wheel, which gears 
with similar projections in the cable- 
holder. 

The steam windlass is fitted with two 
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steam cylinders, each 8 ins. in diameter 
by 12-in. stroke. It carries two chain 
cable drums, one on each end, as well as 
the usual whipping drums. Springs are 
fitted under the bed plate, which take the 
strain when the ship is riding at anchor. 
The second motion shaft can be worked 
for quick-speed warping independently of 
the chain drums, proper clutches being pro- 
vided for the purpose. The steam cylinders 
are fitted with differential reversing gear. 
STEAM WINCH. 

This is very much like the electric winch, 
but is driven by two steam cylinders, 
each 7 ins. diameter by 12-in. stroke, 
and is arranged to lift 4 tons. The 
second motion shaft gears into the main 
shaft by two sets of helical gearing, giving 
two speeds; and there are two whipping 
drums, and two warping drums, besides 
the main barrel. All parts are made 
exceptionally strong, and easily got at for 
repair, and made to gauge. 

STEAM CAPSTAN. 

This is of iron, and is driven by two 
steam cylinders 7? ins. diameter by 12 ins. 
stroke. The capstan itself stands upon 
an iron casting which covers all the 
working parts. The engines are coupled 
to the capstan shaft by bevel and spur 
gearing of strong design. The capstan 
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can be worked either in single or double 
purchase, and it can also be worked by 
capstan ‘bars after the ancient manner, 
if desired. A special safety pawl is fitted 
for use when working the capstan by 
hand. The shape of the capstan head 
is such that the tendency of the rope 
is to keep low on the barrel, thereby 
relieving the strains upon the spindle. 
All parts are readily accessible, and the 
capstan is controlled by differential revers- 
ing gear, worked by a lever provided for 
the purpose 

This completes the exhibits of Messrs. 
Clarke, Chapman & Co., which will well 
repay a visit. They are all character- 
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THE WATER MOTOR AND AUTOMATIC LIQUID 
ELEVATOR COMPANY'S EXHIBIT : DETAILS 
OF AUTOMATIC GAS COMPRESSOR. 
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ised by the same features, which show 
that the designers and makers have 
had large experience in ship. work, and 
thoroughly appreciate all that apparatus 
which is used on ship board has to stand. 
The features which characterise the 
exhibits are simplicity, strength, and 
facility of repair. These qualities are 
fully as important in industrial work on 
shore, particularly where electrical ap- 
paratus is used, as on ship board. They 
mean continuous work, and continuous 
output of whatever the staple manufacture 


may be. 
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THE WATER MOTOR AND AUTOMATIC LIQUID 
ELEVATOR COMPANY, LONDON, 

For artificial lighting on a large scale 
is the high-pressure incandescent light of 
Keith’s patent automatic gas compressors. 

The exhibitors are earnest in the belief 
that there is a great future before high- 
pressure lighting in Great Britain, as by 
this method ten times the amount of light 
can be got out of gas as compared with 
the ordinary method of lighting. This 
system can be adapted to existing gas 
pipes, as the pressure (though high com- 
pared to the ordinary gas pressure) is only 
8 ins. water-gauge, or under one-third of a 
pound per square inch. The advantages 
claimed for high-pressure incandescent gas- 
lighting, as compared with electric arc 
lighting, are—{1) The first cost is very 
much smaller; (2) the cost per 1,009 
candles per burning hour is on an average 
less than one-half that of arc lighting ; 
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(3) the light is more diffusive, as the 
source of light is much larger in area, and 


consequently the shadows are not so 
strong ; (4) the light is perfectly steady 
and requires no skilled attention. 

Keith’s patent automatic gas com- 
pressor for high-pressure incandescent 
gas-lighting and for other purposes is 
worked by the ordinary water service, 
either from the street main or from a 
cistern. It is absolutely automatic in 
action, acts as a governor as well as a 
compressor, uses an infinitesimal amount 
of water, is silent in operation, is devoid 
of friction in the air or gas-pump portion 
(which requires no leathers or packings), 
can be placed almost anywhere with 
safety, gives a steady, unvarying pressure 
of air or gas irrespective of the number 
of burners in use, and is claimed to 
be the most compact and economical 
apparatus of the kind in existence. For 
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LIGHTING INSTALLATION IN THE GROUNDS. 
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high-pressure incandescent gas-lighting the 
apparatus is notable, and when worked 
by water the cost is small, as even at 
the’ high price for water in London the 
cost only amounts to about one penny for 
every 1,000 cubic feet of gas compressed ; 
while as the apparatus is entirely auto- 
matic, the whole action starts or stops on 
the mere turning on or off of the gas taps 
at the burners. 

Two of this Company’s largest com- 
pressors, capable of supplying up to 
12,000 cub. ft. of gas per hour, give the 
necessary pressure for the high-pressure 
lighting installation in the Exhibition 
grounds. 


MESSRS. BARR & STROUD, GLASGOW. 


Interest of another sort attaches to the 
stand of Messrs. Barr & Stroud, Glasgow, 
who exhibit their wonderful patent naval 
and field range-finders, which have been 
adopted by the Admiralty after exhaustive 
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trials as to the accuracy and 
practical character of the in- 
struments. ‘The Admiralty re- 
quirementsare, accuracy within 
3 per cent. at 3,000 yards, 
which is equal to 1 per cent. 
at 1,000 yards, and so on; 
and so weil have these been 
met that the instrument has 
now been in constant use for 
upwards of five years. Such 
an instrument is difficult to 
describe, and we can only 
give a general idea of its 
construction. Externally, the 
range-finder consists of a 
double tubular case about 5 ft. 
(1°5 métres) in length and 33 
ins. (g cm.) in diameter. A 
frame carries all the optical 
parts of the instrument with 
the exception of the eye-pieces, 
finder-objective, and windows. 
This frame is carried within 
the tubular case on two sup- 
ports, which are so arranged 
that no deformation of the 
framework can result from the 
application of force to the 
case. Each range-finder is 
thoroughly tested for tempera- 
ture effects, and is compensated, if 
necessary, to provide against errors due 
to this cause. Differential heating of the 
frame would cause it to bend, and the 
readings of the instrument would thereby 
be affected. Errors are entirely prevented 
by the peculiar form of the frame, and by 
constructing the outer case of two tubes, 
one inside the other. This greatly retards 
the transmission of heat to and from the 
interior, and distributes it evenly around 
the frame. The deflecting prism, and the 
scale attached to it, are moved by means 
of a screw. This screw is actuated by a 
working head, which is placed on the upper 
side of the tube, in a convenient position 
for being operated by the observer’s right- 
hand. The scale is usually divided in single 
yards from 250 yds. to 500 yds., in tens 
of yards to 1,500 yds., in hundreds of 
yards to 5,000 yds., and in thousands of 
yards to 10,000 yds. Marks are also cut 
for 15,000 yds., 20,000 yds., and infinity. 
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Similar graduations are made in the case 
of metre scales, and special modes of 
graduation can be adopted when required. 
The centres of the eye-pieces are placed 
at 2} ins. (64 mm.) apart, but the left 
eye-piece is arranged to make the instru- 
ment equally convenient for observers 
whose eyes are at a greater or less distance 
than 24 ins. apart. The scale is read by 
the left eye when the images seen by the 
right eye have been brought into align- 
ment. After a little practice the two eyes 
can be used alternately or simultaneously 
for their respective duties without losing 
the object from the field of view of the 
right eye while the scale is being read. 

Averysimpleandefficient “Finder” 
is provided to enable the observer to 
immediately direct the instrument 
upon theobject. This finder consists 
of a small telescope of low magni- 
fying power, which is used by the 
left eye—the scale occupying only a 
portion of the left eye field. The 
field of view of this telescope is 
wide enough to enable the ob- 
server at once to “find” the object 
whose distance is required, and 
when the instrument is so directed 
as to bring the object into the centre 
of the finder field“ the object is 
found, greatly magnified, in the field 
of view of the right eye-piece. 

The Barr & Stroud transmitting 
and receiving instruments, also 
shown, are designed to meet the 
requirements of the Admiralty for 
the transmission of orders and ranges 
from the conning towersof war vessels 
to the gun stations; they have also 
been supplied for use in fortresses, 
and they can be arranged for any 
services where a number of signals or 
indications are to be communicated 
from one place to a number of others. 
The transmitters and _re- 
ceivers consist of clockwork 
mechanisms contained in 
brass cases, having dials 
affixed in front. The orders 
or symbols to be transmitted 
are disposed in a circle, like 
the figures on a clock face, 
and pointers, actuated by the 
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clockwork mechanisms, indicate the par- 
ticular order or symbol transmitted or 
received. The pointers and the dials are 
protected by plate glass coverings, and the 
cases are made water-tight. The number 
of separate orders or other indications that 
can be transmitted, depends only on the 
number that can be sufficiently easily read 
from the dials, and the dials can be made of 
any required size. ‘lhe transmitter is fitted 
with an outside handle, carrying a small 
index pointer. This handle turns about an 
axis concentric with the dial. To transmit 
an order, the handle is moved till the index 
pointer is over the required symbol. As 































MESSRS, WILLANS AND ROBINSON'S EXHIEIT: ONE OF ‘THE GLASGOW 
ENGINES WITH ONE-HALF OF CRANK CHAMBER REMOVED. 
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soon as the handle is moved, the inside 
pointer starts to follow it either forward or 
backward on the dial, and continues follow- 
ing until it comes under the index pointer, 
where it stops. All the pointers on the 
receivers move synchronously with the 
inside pointer on the transmitter, but not 
with the handle. The rate of motion of the 
inside pointer is constant, being controlled 
by the clockwork, and is, therefore, quite 
independent of the rate of motion of the 
handle, and no amount of jerking of 
the handle can cause the transmitter to 
transmit a wrong order. 


SKODA WORKS, PILSEN, LTD. 

Not in the Machinery Hall, but in a 
special pavilion in the Machinery Avenue 
on the University slope, is the extensive 
exhibit of the Skoda Works, Pilsen, Ltd., of 
Pilsen, Bohemia. Notable among the con- 
tents of “Skoda Pavilion ”/are a cast-steel 
marine-engine bedplate, weighing 104 tons, 
as supplied for the Atlantic liner Deutsch- 
/and ; 24 of these castings, together with 
intermediate castings, form the foundation 
for the engines of this steamship. Space 
will not permit of a description of all the 
contents of this pavilion, but we note, 
briefly, a cast-steel marine-engine frame or 
column for high-speed twin-screw steamers, 
weighing 6 tons: a cast-steel four-bladed 
propeller, weighing 4 tons, diameter 15 ft., 
as supplied for an Austrian trading steamer, 
made of special “Skoda” non-corrosive 
steel ; a cast-steel cylinder head for a gas 
engine, cut in two to show the composition 
of the steel and the complicated form of 
casting, weight 2 tons; a low-pressure 
piston, as supplied for a Russian warship, 
weight 2 tons ; cast-steel motor casings in 
halves, for tram-car motors, weighing about 
3 cwts. each, made of steel of high magnetic 
properties ; cast-steel branch piece for 
main steam-pipes, as fitted on board war- 
ships ; tram-car bearing; a collection of 
locomotive wheel centres, wheels, etc. ; a 
case containing samples of tested steel, 
etc. ; and photographs of castings actually 
supplied by the Skoda Works, Pilsen, Ltd. 

This is one of the most interesting of the 
German exhibits, though Germany has no 
officially national part in the Exhibition 
as have Russia, France, Austria, etc. 
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MESSRS. WILLANS & ROBINSON, LTD., RUGBY. 


The Willans central-valve engine, briefly 
mentioned in first article, is shown by 
Messrs. Willans & Robinson, who have 
one of the largest steam electrical plants 
ever shown in operation by a single firm 
at an exhibition, with the exception of 
the Paris Exposition of 1900, where they 
were also largely represented, and showed 
a 3,000 h.p. engine coupled to a dynamo. 
This set was employed in supplying light 
and power, and was one of the largest 
steam dynamos there. The exhibit at 
Glasgow is of the same total power as 
that at Paris, but is divided into two 
engines, each having a normal output of 
1,200 h.p. and a maximum of 1,500 h.p. 
The engines are triple-expansion, of the 
firm’s usual vertical central-valve type, and 
run at a speed of 230 revolutions per 
minute. They are supplied with steam at 
180 lbs. pressure, and are intended to 
work with condensation. Each engine 
has three cranks at 120 degs., with a com- 
plete tandem engine placed over each, 
having lp. ip. and h.p. cylinders, 
37°5 ins. (950 mm.), 23°6 ins. (600 mm.), 
and 15 ins. (380 mm.) in diameter respec- 
tively, thus giving the same turning moment 
on each at all loads. The stroke is 17 ins. 
(430mm.). The weights of the three sets 
of moving parts are equal, a property which 
ensures complete freedom from vibration. 
The cranks run in an oil-bath, contained 
in the bed-plate, and by their splash afford 
copious and automatic lubrication to the 
moving parts. As the engines are single- 
acting, caps are not required upon the 
bearings, which are therefore continuously 
exposed to the lubricant. The engines 
differ in no way from smaller sizes, except 
that the crank chamber is divided longi- 
tudinally to facilitate removal of the crank 
shaft without complete dismantling. The 
total floor space required by each engine 
is 16 ft. by 8 ft. 6ins., and the weight is 
about 34 tons. One engine has a small 
fly-wheel, faced to form a coupling, and 
the other merely a coupling disc, the 
necessary fly-whee! power being provided 
by the revolving’ part of the dynamo. In 
both cases the couplings are bolted directly 
to flanges upon the armature castings, 
not to couplings upon the shafts. One 
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engine is coupled to a compound-wound 
continuous-current dynamo by Messrs. 
Crompton & Co., having a normal out- 
put of .700 kilo watts at 520 volts, and a 


maximum for one hour of 960 kilo-watts 


at 510 volts. The other drives a dynamo 
of the same output by the British Schuckert 
Electrical Company. 

To another exhibit by Messrs. Willans 
& Robinson a special interest attaches 
because of the immin- 
ence of the water-tube 
boiler question. At a 
stand in the Machinery 
Halli they show a small 
Niclausse boiler, which 
they have acquired the 
sole rights to manufac- 
ture and supply for the 
British Empire. 

The specimen shown 
is of the marine type 
for a small steamer. It 
has a grate arch of 53 
sq. ft. and a heating 
surface of 159 sq. ft. 


MESSRS. GALLOWAYS, LTD.., 
MANCHESTER. 
Messrs. Galloways, 
Ltd., Glasgow and 
Manchester, display a 
pyramid of the patent 
Galloway conical 
wrought - steel stand - 
pipes, manholes, plates, 
pockets, breeches, a 
complete set of boiler 
fittings, and one barring 
engine. The Galloway 
conical tubes have now 
reached an output of 
20,000 per annum. In 
the manufacture of these 
and other shapes of 
tubes, and also in the 
manufacture of manholes and standpipes, 
specially designed machinery is employed. 
The boiler fittings are of the latest 
type, and are designed for high working 
pressures. Most of these fittings have 
specialities of their own which make 
them distinct from those of any other 
makers. The safety barring gear, with 
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steam engine attached, is an apparatus 
extremely simple in design, and consists 
of a horizontal shaft driven.by a worm- 
wheel from the auxiliary steam engine or 
handles. This shaft is provided with two 
helical feathers, and carries a pinion rifled 
for sliding on these feathers and gearing 
into a spur-ring attached to the fly-wheel. 
When the gear is put into operation, the 
pinion bears against the collar on the end 
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THE WILSON BROTHERS’ BOBBIN CO.’S STAND, 


of the shaft, and is thus compelled to turn 
with the shaft, forcing the engine round ; 
but when the engine receives the steam and 
turns faster than the pinion on the shaft, 
this pinion automatically slides out of gear. 
THE WILSON BROTHERS’ BOBBIN CO., LTD., OF 
CORNHOLME MILLS, TODMORDEN, 
show specimens of their products in 
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a four-sided case, accessible on all 
sides. The base is empanelled with 
water-colour drawings of the Company’s 
various works, which give a good idea 
of the firm’s premises and the extent of 
their business. The upper part of the 
case is in the form of an _ octagonal 
pyramid, the various sides being each 
devoted to a certain section of the 
business. One side is filled with card- 
room tubes ; another with ring, twist, and 
weft bobbins ; another with ring-doubling 
bobbins ; a fourth with warping and wind- 
ing bobbins; a fifth with shuttles of all 
kinds for silk, cotton, woollen, jute, etc. ; 
a sixth with bobbins and spools for spin- 
ning woollen and worsted, and so on. 
The four sides of the showcase are 
also filled with samples of bobbins filled 
with yarn, cotton of various kinds and 
in various stages of manufacture, silk, 
woollen, worsted, jute, ramie, etc., on the 
one side; while the second side is exclu- 
sively devoted to the shuttle department, 
and contains specimens of blocks of various 
kinds of timber, fittings—such as tips and 
pegs, both finished and forgings-—springs, 
eyes, etc. There are also various samples 
of shuttles for calico manufacture, and 
also for small ware and ribbon-weaving. 
The third side contains samples of Wilson’s 
metal protectors and sections showing 
their application. They are in great 
variety, and will amply repay careful 
examination by all persons interested in 
the textile trades. The remaining side 
is of peculiar interest. The treatment of 
huge quantities of timber results in a large 
quantity of waste wood, sawdust, etc. ; and 
this was for many years a source of great 
expense to the firm. As much as possible 
was burnt in the boilers, but still a large 
quantity was left. About eleven years ago, 
however, a chemical plant was erected for 
the carbonisation and distillation of the 
waste wood ; and this portion of the exhibit 
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contains samples of the various chemicals 
produced from the waste. 

MESSRS, RAILTON & CAMPBELL, LIVERPOOL. 

Messrs. Railton & Campbell’s Patents 
are shown at Stand No. 576 in the 
Machinery Hall. They consist of examples 
of their patent corrugated feed - water 
filter, silent ash hoist, and expansive stop 
valve. The filter is designed to provide a 
very large filtering area, with the size of 
the apparatus reduced to the smallest 
practicable space. It has been supplied 
to numbers of well-known steamers, such 
as Celtic, Oceanic, Deutschland, etc. An 
interesting item of the exhibits is one of 
the two large filters which have been 
manufactured by the Company for the 
steamer Kazser Wilhelm /I. Each filter 
has a filtering area of no less than 
20,000 sq. ins., making a total for the two 
filters Of 40,000 sq. ins. Ten of these 
filters have been supplied for the Glasgow 
Corporation Electric Power Station at 
Pinkston. The ash hoist is shown at 
work to practically illustrate the advan- 
tages. claimed for the machine. The 
simple method of working and the small 
amount of steam required are two of the 
first things to be noticed, a }-in. pipe only 
being used for the steam inlet. The 
silent working of the machine is also a 
most important point, especially for a 
passenger steamer. The hoist, like the 
filter, is fitted on board the sfeamers of 
the White Star Line, including both the 
Celtic and Oceanic, as well as on vessels 
belonging to the Cunard and the American 
International Line. The stop-valve is 
shown in section, so that the internal 
working may be examined. This inven- 
tion is designed to overcome the difficul- 
ties experienced by engineers in the use 
of the ordinary two-seated valve on 
account of the expansion and contraction 
of the metals due to the variations of 
temperature. 


S. F. W. 
yy 

















“ Every part and side of our life, from the cradle to the grave, has been touched and tended by the inventor 
and manufacturer. His works are as numberless as the sands of the sea, but the onward rush of Science and 





the Arts opens up new fields of discovery and enterprise as each day dawns, Let us choose here and there 
among thousands, and in choosing take the best as far as in us lies.” 
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Vv MAKINS’ PATENT STEAM CONE. 
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LTHOUGH the problem of economical and 
rapid steam raising has consistently 
occupied the attention of engineers and 

steam users, the gradual rise in the price of 
fuel has been the most important circum- 
stance in recent years in stimulating research 
into the phenomena attending the conversion 
of water into steam. 

The losses of heat by radiation, con- 
duction, imperfect combustion and other 
causes of a like nature have been reduced in 
modern boiler practice to a great extent, and 
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many regard the stationary land boiler, with 
fuel economiser and feed-water heater attach- 
ments, as being incapable of little further 
improvement, still the evaporative power of 
fuel is not yet being utilised to that degree 
which would be expected. 

Any new system, therefore, which is 
capable of producing a greater amount of 
work from the fuel under existing condi- 
tions must commend itself generally to 
steam users. 

The apparatus about to be described is the 
outcome of much patient experimental work 
on the part of its inventor, Mr. Makin, who 
justly claims that in its latest and perfected 














FIG, 1.—FRONT VIEW AND SECTION OF CONE. 












































--SECTIONS THROUGH BOILER, SHOWING CONES IN USE. 


FIG. 2.- 
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form an ordinary boiler fitted with it has 
an enormous advantage over the same 
boiler in its ordinary condition. 

The apparatus, which is nothing more 
or less than a circulator, is a conical shell 
with its apex cut off and open through- 
out, the walls of which are hollow 
(Fig. 1). These cones are fixed singly 
in the flue of the boiler, communica- 
tion being made between the top and 
bottom by pipes (Fig. 2). The cone at 
its largest diameter fills the flue to within 
a few inches, while the interior diameter 
is large enough to allow the passage of 
a man from front to back of the boiler, 
through the flues, the aperture being 
16ins. The second and succeeding cones 
are placed behind one another in such 
a way that the front or larger opening of 
the rear cone overlaps the smaller opening 
of the first, and so on (Fig. 2). 

It will be seen from the illustrations 
that the cone shape adopted ensures a 
maximum heating surface, the area intro- 
duced into the most efficient portion of 
the flue being equal in an average ten- 
cone set to about 96 sq. ft. 

The water within the hollow walls of 
the apparatus rapidly absorbs the heat, 
violent ebullition takes place, boiling 
water and steam being delivered into 
the steam space above in a vigorous 
fountain, the cooler water at the bottom 
of the boiler being at the same time 
sucked up. 

In setting up this rapid ebullition the 
cones are fulfilling their primary function, 
akhough other results of almost equal 
importance follow its action. 

For example, the injector action of the 
cone causes the whole of the water to 
make a complete round of circulation 
every few minutes; and the writer, in 
examining a boiler fitted with this ap- 
paratus, found that the bottom became 
heated almost simultaneously with the 
top. By this means expansion of the 
shell and flue plates takes place uniformly 
and equally, thus obviating the serious 
strains which frequently occur where a 
distinct difference exists in the tem- 
perature of lower and upper portions of 
an ordinary boiler. 

From the rapid movement of water 
produced at the bottom of the boiler 
it is impossible for hard scale to form, 
and it is found that old scale is loosened 
by this action, and may be removed in 
large pieces when the boiler is cleaned. 

The cones also act as a combustion 
chamber, and with a view of producing as 
nearly as possible perfect combustion with 
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the minimum quantity of air each cone is 
provided with gills; these gills become 
nearly red-hot, but are protected from burn- 
ing away by the comparative coldness of the 
water in the hollow walls to which they are 
attached, the unconsumed air, coming in 
contact with these gills and with the thick 
iron walls of the cones, becomes highly 
heated, and, meeting with the combustible 
gases which rush through the cones, com- 
pletes the combustion. 

In ordinary practice the flame sweeping 
over the comparatively cold top of the flue 
becomes frequently extinguished before the 
combustion is complete, whilst the air at the 
bottom of the flue is not sufficiently hot to 
continue the combustion, a large percentage 
of the heat is carried away uselessly up the 
chimney. 

Another important feature, well tested by 
the writer by means of a paraffin torch, is 
that the flame, instead of passing along the 
top of the flue, leaving a current of com- 
paratively cool air to flow along the bottom 
as is the case in ordinary practice, sweeps 
through the centres of and round the whole 
of the external portion of the cones. 
The air from both top and bottom 
of the flue is thus drawn in between 
the louvres formed by the over- 
lapping cones where it comes into 
actual contact with the very hot 
gills, and thus the air and com- 
bustible gases are intermingled and 
approximately perfect combustion 
is produced. 

This rapid combustion of the 
gases in the flue-tube materially 
increases the draught, and it has 
been found by the makers that 
sixteen cones. in a flue take. up 
practically all the useful heat of 
the gases before reaching the end 
of the boiler, the terminal tempera- 
ture of the fire gases being reduced 
in this case to 450 degs. Fahr. 
This renders it unnecessary to 
provide outside flues of brick, the 
boilers being simply dropped on to 
three cast-iron trestles and. the 
boiler ends bricked up to the 
chimney flue. 

In testing the apparatus the 
writer found that in the fountain- 
action of the circulation effected 
by the cones the water was broken 
up into small particles, thus 
liberating the steam rapidly and 
in a particularly dry state, priming 
being prevented. 

It is not surprising that in boilers 
fitted with the cones the evapora- 


TSI Sig 


Feldeg 


ut 


167 


tive efficiency is largely increased—a fact 
well borne out by tests, one of which we 
ourselves had the opportunity of making. 

As to the adaptability of the apparatus for 
marine purposes there can be no doubt, and 
we understand that the makers are about to 
fit the boilers of a leading line of steamers, 
the results of which we shall await with 
interest. 

The makers are Messrs. 
5, Victoria Buildings, St. 
Manchester. 


A NEW PROSPECTING STAMP MILL. 
ee 


N view of the large amount of prospecting 
for gold that is likely in the near future to 
take place in South and West Africa, the 

Rand, Rhodesia, etc., a description of any 
new development in prospecting machinery 
is sure to prove interesting to mining engi- 
neers and others interested in this industry, 
and especially will this be the case with 
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NEW PROSPECTING STAMP MILL. 


working miners, who, for want of sufficient 
capital to purchase an ordinary prospecting 
mill capable of dealing with the ore to be 
tested, and who also cannot afford the great 
expense of moving such plant about, are 
obliged to cart their stone to long distances 
in order to test in some public battery. In 
many districts, again, it is impossible to 
shift heavy machinery, or so expensive as not 
to justify the attempt. It is true that there 
are several light hand-driven stamps on the 
market, but these will deal with such a small 
quantity of ore per day as to make their 
value a very limited one. 

The new steam stamp mill, which we have 
recently inspected and which we now illus- 
trate and describe, is capable of dealing with 
four tons of quartz per 24 hours. A three- 
head machine, with foundation, weighs only 
8 cwts., or a complete plant, including boiler 
and accessories, copper plates, water service 
tanks, water raiser and connection, weighs 
only 32 cwts. without road carriages. Both 
the stamp battery and the boiler are port- 
able, as they are mounted on separate road- 
wheel carriages, and the plant can be erected 
ready for work or dismounted for transit 
in a few hours. Such a plant costs about 
£250 without road carriages. 


The most striking features in this mill 
are— 

(1) The large output of ore treated as com- 
pared with the weight of the mill. 

(2) The high speed of the stamps—25o0 blows 
per minute. 

(3) The dispensing with a steam engine 
or other mechanical motor to drive, 
only a boiler being required, or .com- 
pressed air will serve equally well. 

High efficiency, as shown by reports 
obtained, as much as 90 per cent. of the 
gold saved being due to the mill alone. 
Low cost for maintenance and repairs, the 
upkeep of shoes and dies amounting to 
‘only one penny per ton, due to positive 
rotation of the stamps. 

Less vibration than with a gravitation 
mill, and consequently heavy foundations 
are not required ; in fact, the mill can be 
worked on its carriage by placing timber 
packing pieces under box and taking 
bearing on the ground. 

Old mills can: be readily and cheaply 
converted, as in this machine the 
ordinary shape of the mortar box is not 
departed from, and. the new portions 
can be used with mortar boxes of any 
recognised type. 
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We will here describe briefly the mill which 
fulfils these conditions, reference being had 
to the accompanying diagram and illustra- 
tion. The latter shows the three-head mill 
which we recently inspected in full work, 
complete with locomotive boiler to drive it 
(N.B.—The small vertical boiler in the back- 
ground is not part of the plant), and so far 
as we could see the claims made by the 
inventor are fully borne out. As will be 
noted by reference to the section, the mortar- 
box framing, shoes and dies, tables, water 
services, etc., are the same as in an ordinary 
prospecting gravitation mill ; but in place of 
the cam-shaft, cams and tappets, there is 
fitted on the cross frame a series of steam 
cylinders, the piston rods of which are also 
the stems to which the shoes are attached in 
the usual way. The device is simplicity 
itself, and permits of ordinary gravitation 
mills, whether of the prospecting or heavier 
fixed type, being readily converted to the 
new system. An automatic reciprocating 
valve, seen on the left of and working in an 
extended portion of the casing, controls the 
admission of steam alternately to either side 
of the piston ; and this secures reciprocation 
of same together with the stem and shoe. 
One of the chief features about this mill is 
the provision made for securing absolute and 
definite rotation of the stem, thereby ensuring 
more even wearing of the shoes and dies than 
is possible to obtain with the cam action 
usually employed. This is obtained by the 
introduction into the cylinder of a rifled bar, 
not fixed, but-capable of rotation and working 
through a rifled nut fixed in the piston recess. 
This rotary rifled bar is provided with ratchet 
gear, by means of which the required inter- 
mittent step-by-step rotary motion, always 
in the same direction, is imparted to the 
piston and to the stamp-head at each down- 
ward stroke. The same result is also ob- 


tained by rifling the stem (or a sleeve attached ' 


to the stem) and causing same to pass through 
anelongated boss internally rifled andattached 
to the framing below the steam cylinder, a 
ratchet-wheel and pawls, arranged as shown 
in the added section, ensuring a step-by-step 
rotation of a positive nature. A copper fan- 
plate, silvered and placed in front of the 
screens, as shown in section, has been effec- 
tively employed to increase the amalgamating 
area of the copper plates. 

As already stated, this mill will deal success- 
fully with 6 tons of alluvial or 4 tons of quartz 
perday of 24 hours, and the following analysis 
of actual work done at the recent Coolgardie 
Exhibition will doubtless prove interesting. 

_ Analysis of work done by the “A” size 
(prospecting) mill at the Coolgardie Exhibi- 
tion, 1899 :—- 
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Stone crushed 
Mill ran 
Average 


50 tons. 
295 hours. 


per 24 hrs. 4°07 tons. 


Smelted gold ob- 68 ozs. 8 dwts. 3 grs. 


tained 

Average grade or ore 

crushed per ton 

Average extraction, amalga- 

mation only : ; 

Average yield per ton, amal- 

gamation only .. bag. S°9OOe, 

Frequent assays proved the entire absence 
of free gold in the tailings. 

It may be stated that the average output 
of a three-head prospecting mill of the 
ordinary gravitation type is about 2 to 
24 tons per 24 hours, and the weight of such 
a mill, with driving power in the form of 
engine, boiler, etc., will not be less than 
5 to 6 tons. The steam battery here de- 
scribed has double the output (say 4 tons) 
and weighs, complete with boiler, etc., only 
some 32cwts. This great reduction in weight 
and increase in output is due to the greater 
number of blows given per minute (250, as 
compared with go in the gravitation mills), 
and also that the falling weight. in the steam 
battery is only about go lbs. per stem, as 
compared with 400 lbs. in the gravitation 
mill, the velocity and pressure of the steam 
more than compensating for the dead weight. 

This battery, as shown, can be seen work- 
ing in London on application to Messrs. 
Hathorn & Co., of 10, New Broad Street, 
E.C., who are now placing it upon the 


market. 
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WIRE-ROPE DRIVEN TREBLE RAM PUMP 


FOR HIGH LIFTS. 
eo 
Bs E illustration represents one of Joseph 


1°63 02. 


83°5 p.cent. 


Evans & Sons’ standard horizontal 
treble ram pumps for high lifts in 
mines, etc., driven direct by wire rope, the 
necessary gearing between the rope pulley 
and the crank shaft being half shrouded. 
The countershaft and crankshaft are of mild 
steel, the latter having circular webs cut 
from the solid and carried in four pedestals 
fitted with gun-metal bearings of ample 
diameter and length. The connecting rods 
are also of steel, of good length, and fitted 
at the large ends with gun-metal marine 
heads, the small ends being solid, with ad- 
justable gun-metal bearings, the lubrication 
of all bearings, etc., being effected by means 
of tell-tale lubricators. 
The pump rams are of hard close-grained 
cast iron, securely cottered to the crossheads, 
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the latter being provided with slipper blocks, 
carried by adjustable slide bars. 

In the pump end the suction and delivery 
valve boxes and the pump barrels are inter- 
changeable without an unnecessary number 
of joints, the stuffing boxes and glands being 
bushed with gun-metal. The pump valves 
are of gun-metal, double beat type, easily 
accessible, and an air vessel of ample 
capacity is provided; the whole being 
mounted on strong cast-iron girders forming 
the bed plate, this form of bed plate being 
found most suitable for conveying to desti- 
nation in mines. 

This pump is capable of delivering 18,000 
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WIRE-KOPE-DRIVEN TREBLE RAM PUMP. 


gallons of water per hour against 750 ft. 
head. 

The makers state that an installation of 
pumps on this principle works out very much 
less in cost than a corresponding electrical 
installation, whilst the working efficiency is 
also much in excess of an electrically driven 
plant, the dynamo and motor losses being 
entirely cut out, whilst a smaller driving 
engine at surface is required with a rope- 
driven than with the electrically - driven 
plant, and the upkeep is also much less. 

In this particular instance a comparison 
of the two systems showed a saving of nearly 
50 per cent. in first cost, and an ultimate 
saving of fully 25 per cent. in the subsequent 
working cost of the rope-driven arrange- 
ment, as compared with an _ electrically- 
driven plant on the same duty. 

Messrs. Joseph Evans & Sons have sup- 
plied a large number of these pumps for 
various duties, and have in hand similar 


pumps for steam, electric, and wire rope 
driving for heads from 600 to 1,700 ft., both 
for mines and water works. 
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THE NEW MIDDLETOWN BRIDGE. 


CONTAINING THE LONGEST HIGHWAY DRAW- 
SPAN IN THE WORLD. 


(Continued from page 85.) 
oe 


WHILE these would cost 950 dols. they 
would nevertheless have done away with 
the services of two gate operators. But on 
account of an accident to the substructure 
involving extra expense, the steel gates and 
some other machinery were omitted. This 
last was an arrangement for closing the space 
between the ends of rail, where the draw and 
fixed span join, which in cold weather might 
have amounted to 2 ins. or more, causing a 
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serious jar to the cars and possibly a derail- 


ment. A lifting steel apron-plate covers the 
curved opening in the floor at the end of the 
draw, which is raised before the bridge 
is opened. Instead of the moving rail an 
ordinary split rail is used, that can be 
adjusted occasionally with the changing 
seasons ; and instead of the safety gates, 
a pair of temporary wood ones are now 
in use. 

The calculated deflection of the ends was 
3? ins., and after the bridge was completed 
and levels taken, the actual deflection was 
found to be 3§ ins. 

Blocking up the ends is done by means of 
a pair of toggles at each corner. These are 
drawn together by two bronze nuts working 
on a right and left hand screw that is turned 
by level gears from a motor. To prevent 
these nuts from jambing, electric signals have 
been provided to warn the operator when to 
shut off power. As a general rule, it is 
intended to simply block the ends up tight. 
This requires but very little power, but as 
there is always a liability of the blocks 
becoming tight, from change of temperature 
or other causes, the end machinery was pro- 
portioned to lift 50 tons at each corner, I4 ins. 
in 10 secs. ; this required 10 h.p. ; but it was 
thought best to use the same kind of motor 
used at the turntable, giving interchangeable 
parts. To provide for expansion the end 
toggles rest on cast-steel rockers of 174 ins. 
radius, which in turn bear on cast-iron pier 
plates blocked up to the right elevation with 
shims. 

The latch is an extra heavy, swinging, 


gravity latch, to which is attached a line of 


No. 10 wire, passing over pulleys to the 
centre and connected by means of bell cranks 
with the operator’s house. 

To open the draw by electric power takes 
30 secs., and the power required to overcome 
an unbalanced wind pressure of 5 lbs. on 
one half of bridge is 30 h.p. Ordinarily, 
however, in calm weather, 5 h.p. is sufficient 
to effect a turn. 

Both the centre and end sets of machinery 
are provided with clutches which can be 
thrown out of gear, and the operation per- 
formed by hand power. Working on 10-ft. 
levers the bridge is turned by four men in 
eight minutes. There is a friction brake 
applied to a drum on the highest speed 
turning shaft; this and the other turning 
machinery, including the motor, are placed 
on the outside of drum beneath the floor, in 
a machinery frame that can be sheathed in 
and protected from snow and ice. The 
whole bridge is well lighted with incandescent 
lamps, and has also the usual signal lights 
required by Government. 
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The quantities in the draw span are as. 
follows :— 


Riveted steel... 607,000 lbs. 
Iron eye bars 84,000 ,, 
Steel joists 37,800 ,, 
Turntable 150,500 ,, 
Machinery 93,500 ,, 
Total weight of metal 972,800 ,, 





In addition there is the wood used in the 

flooring, and the following :— 

Railing, 900 lineal ft. 

Track rail, 900 lineal ft. 

4 Motors, 30 h.p., G.E. 800. 

Operator’s house. 

Two pair wood gates. 

Submarine cables. 

Signals. 

Corrugated iron, 300 sq. ft. 


Total weight of draw-bridge superstructure, 
including drum and flooring, is 690 tons ; 
this does not include snow or any live -load. 

The total quantities in whole superstructure 
for five spans are :-- 


Steel and iron 947% tons. 

Hard pine 81 M. 

Spruce 171 M. 

Railing 2,600 lineal ft. = 193 tons.i 
Track rail 2,600 » == 19@ tons. 
4 Motors 


Operator’s house, gates, cables, signals. 


The foundation for the bridge consists of 
two abutments, four river piers and a circular 
draw pier. The maximum depth of water in 
the channel at low tide is 16 ft. All of the 
piers and the Middletown abutment stand 
on pile foundations. The Portland abut- 
ment is built on solid rock, found six ft. 
below the natural surface of the ground. 
The masonry throughout is laid in regular 
courses, varying from 18 to 30 ins. in thick- 
ness. The stone used is the celebrated 
Portland brown stone, taken from quarries 
about half a mile above the bridge site 
Concrete was prepared, using one part o. 
Portland cement, two parts of sand, and four 
parts of broken stone. The draw-pier has a 
batter of half an inch to the foot, and all 
others, including the abutments, are battered 
three quarters of an inch per foot. The top 
of the timber grillage, in all cases, is a foot 
and a half below extreme low-water line. 
Apart from the draw-pier, the Middletown 
or west abutment is the heaviest piece of 
work, containing 815 cub. yds. of masonry. 
It stands on 171 piles, cut off 3 ft. below 
low water. It has stepped wing walls run- 
ning back at an angle of 60 degs. with the 
face. The piles are capped with a solid 
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grillage 24 ft. in thickness. It was necessary 
to excavate about 13 ft. in order to place the 
timber work all below water line. The 
height of this abutment from the top of 
grillage to the bridge seat is 31 ft. 6ins. It 
has a thickness at the base of 13 ft., tapering 
up to 14 ft. 9 ins. under the coping. It has 
also the usual back wall at the rear of the 
bridge seat, two ft. in thickness. 

The only serious accident occurring at 
any time on the construction of this work, 
happened to this abutment. After the steel 
work had been placed, and the bridge 





THE MIDDLETOWN BRIDGE: 


practically completed, the south end of the 
Middletown abutment moved forward about 
four ft., throwing the shoe clear off the 
bridge seat, and bringing the weight of one 
entire corner of a 225 foot span on to the 
lower chord and bottom lateral rods. This 
accident was due largely to the wash around 
the piles from the ferries that had a landing 
close up to the abutment. It is supposed 
that the washing of the paddle wheels under- 
mined the piles at this corner, causing them 
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to break off. False work was at once placed 
under the first panel point, and the bridge 
jacked up so as to throw the entire weight of 
one end of the span on timber work. The 
earth filling behind the abutment was then 
removed, and the entire abutment taken 
down. New piles were driven and riprap 
placed, after which the old stone work was 
rebuilt on the original plan. The depth of 
fresh filling at the back of this abutment was 
about 20 ft., and as there had been heavy 
rains the sinking of the fill probably helped 
to cause the accident. 


ONE OF THE FIXEI SPANS. 


As has already been stated, the Portland 


abutment stands on rock foundation. After 
the earth had been removed, the ledge was 
levelled off, and a layer of concrete two ft. 
in thickness spread. As the base of this 
abutment is above extreme high-water line, 
the wing walls are continued out parallel 
with the face, being stepped down to the 
natural surface. It contains 432 cub. yds. 
of stone and concrete. 
The four river piers stand on 68 piles 
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each, in water varying from three to 13 ft. 
in depth at low tide. Under the coping 
they are five ft. thick and 30 ft. long and 
batter out ? of an in. per foot on the sides 
and rear, and three inches per foot on the 
face. Their height from top of grillage to 
bridge seat is 31 ft. 3} ins. The rear ends 
are built square, while the cut-water on the 
front is faced with a steel plate, bolted into 
the stone. Piers 1, 2, and 4 have a grillage 
24 ft. in thickness, on piles that stand four 
ft. above the river bed. Pier No. 3 stands 
in 14 ft. of water at low tide, and has a 
grillage 74 ft. thick on piles standing 54 ft. 
above the river bottom. 

These are all filled in and around solid 
with riprap. The two piers joining the draw- 
span have bridge seats cut down 2 ft. 
} in. on half the pier, to allow for the 
end machinery and floor beam of the draw. 
Five bolts 13} in. diameter and 6 ft. long 
are built solid into the stone-work for the 
latch casting. The centre pier stands in 
16 ft. of water at low tide, on 185 piles that 
are cut off three ft. above the river bed. The 
height of stone-work is 29 ft. and the 
diameter under coping 353 ft., battered out 
sin. per foot. It is built solid, outside courses 
being ranged work, varying from 30 ins. at 
the bottom to 18 ins. at the top. 

An octagon timber caisson, 40 ft. in 
diameter with sides 9 ft. high, was built at 
Hartford by ship carpenters, and tightly 
caulked. It was towed down the river to 
Middletown, and guyed in position over its 
foundation, and as the stone pier was built 
inside it gradually sank on to the piles. This 
caisson resembled very much an enormous 
tub. There was very little trouble from 
uneven settling, as stone work was laid 
around in courses. The intention was to 
remove the sides of the caisson after the 
pier was completed, leaving only the bottom 
to serve as grillage over the piles. 

As the turntable is entirely rim bearing, 
the outside coping course is hammer dressed 
to receive steel bed-plates, which are held 
down by short bolts set into the stone. The 
pier is elevated 6 ins. higher at the centre to 
secure drainage, and the centre casting is set 
down into the stonework 6 ins., and anchored 
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to it by boats built solid into the pier. 
It contains altogether 1,154 cub. yds. of 
masonry. Piles driven from 20 to 30 ft. into 
the bottom of sand and gravel. 

After the entire bridge was completed, 
observations were made of the vibration 
caused by heavy, spring freshets when the 
ice was breaking up. As the ice piled up 
on the cut waters, the tremor of the whole 
structure was very apparent. This, of course, 
would have been entirely avoided had the 
foundation been carried down to solid 
rock, which, of course, would have involved 
much more expensive construction. 

There was no especial difficulty met with 
in the erection of this bridge. The fixed 
spans were assampled on false work, and 
the draw erected in a similar manner with 
the bridge open. There occurred two or 
three freshets, and some little timber work 
was taken out, but not a pound of steel was 
lost. The only time when any real anxiety 
was caused was near the end of the erection 
of the draw span, when a heavy freshet 
washed out the false work from one end. 
Fortunately the work was all connected, 
though no riveting had been done. As will 
be seen from the photographs, the draw is 
built in without any fender pier, and the 
span is reversible, excepting that the railway 
track is on one side. The whole bridge, not 
including the rebuilding of the west abutment, 
and not ineluding the earth filling at either 
end, cost about £ 36,000. 

The preliminary estimates, with number 
and lengths of spans, were determined in 
the estimating department of the Berlin 
Bridge Co. The matter was then turned 
over to Mr. H. G. Tyrrell, of Boston, who 
was their engineer. On going over the 
entire design, that engineer found it necessary 
to change the form and outline of both fixed 
and swing spans, and to refigure and 
reproportion the members. He then pro- 
ceeded to design the machinery and all 
other structural details. Mr. Graves, of 
Hartford, was the outside engineer on 
foundation work, and John Devin was 
erection foreman. The bridge is owned 
by the Middletown and Portland Bridge 
Co., of which F. L. Wilcox is treasurer. 
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HOW GREAT BRITAIN 


IS 


MEETING FOREIGN COMPETITION. 
I.—Electric Traction. 
&S &S & 


found as to the way in which this 

country is successfully meeting Ameri- 
an competition than the installation of the 
new engineering works at Preston (trading 
as the English Electric Manufacturing Co., 
Ltd. and the Electric Railway and Tram- 
way Carriage Works, Ltd.) which it is the 
-object of this article to describe and illustrate. 
As is well known, the last few years have seen 
an immense and unprecedented development 
of electric traction in various parts of the 
world, but especially in America and Ger- 
many ; and until quite recently it seemed as 
though we in this country were to play no part 
industrially in a branch of engineering which 
promised to surpass in magnitude and impor- 
tance anything experienced before in modern 
history. It would perhaps be outside the 
range of this article to enter into a consider- 
ation of the obstacles which presented them- 
selves, due either to vested interests or want 
of appreciation of the immense advantages 
of the system, but all of which for a time 
united in retarding this country from develop- 
ing an industry for which her great experience 
in engineering so eminently fitted her. It is 
sufficient, however, to say that all difficulties 
likely to retard progress in the direction 


Puna no better illustration could be 
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stated have now been overcome, and it is 
evident that before long all our large cities 
will be fully served with electric tramways, 
with a further development of cross-country 
services which will eventually form a complete 
network over the whole area of these islands. 
This, in fact, is already fully assured, and is 
in itself a matter for congratulation. The 
most important feature in the case, however, 
lies in the fact that, besides applying the 
system, we have at last seriously determined 
to manufacture in this country electric traction 
machinery on such a scale as not only to 
meet all our own requirements, but also to 
compete successfully in foreign markets. 
Two years ago such a condition of things 
seemed very improbable—in fact, almost 
impossible, since at that time not only were 
our own manufacturers quite unable, through 
want of suitable plant, etc., to deal with the 
immense demand then springing up, but 
American designs and types had already 
become the standard specified by public 
corporations and private tramway companies 
alike, not so much from a want of patriotic 
feeling, but because of the immense superior- 
ity presented by the American system. ‘That 
this state of things existed fs well known ; 
it was also much deplored, and as an attempt 
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PLAN OF ENGLISH ELECTRIC MANUFACTURING CO. LTD.'S WORKS, PRESTON. 





Electric Traction 


to secure the trade for this country the under- 
taking at Preston came into being. Before 
entering into a description of these works, 
unique and all-important as they are, it will 
perhaps make their description all the more 
interesting if we consider for a moment 
certain problems which the proprietors had 
to face in view of the condition of things then 
existing ; andas these problems have more or 
less to be dealt with in the new order of 
things which is slowly but surely forcing its 
way into modern commerce as a result of 
America, Germany and other countries enter- 
ing the markets hitherto largely held by this 
country, their consideration 1s of wide-reach- 
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another and perhaps. greater difficulty 
existed. In America, finance was working 
hand-in-hand with industry, and exploiting 
concerns were open to supply an unlimited 
amount of money to foster and secure a trade 
in such a rich field as was presented by 
Britain’s demand for electric traction instal- 
lation. In Germany, their industrial banks 
were doing similar work. In what direction, 
therefore, was assistance to be sought in 
order to make success possible?  Fortu- 
nately for this country, and more particularly 
for this enterprise, our corporations and 
similar public bodies were willing to supply 
the necessary funds, and it is largely from 


EXTENSION OF FOUNDRY, WITH ELEVATED LANDING STAGE, 


ing importance if we as a manufacturing 
nation are to retain our position. 

In the first place, we have in this country 
no protective tariff in regard to machinery 


products ; consequently the trade which 
these gentlemen hoped to secure had to be 
shared with America and Germany, unless 
they could more than compete with them in 
price and efficiency. Again, American and 
German markets were practically closed to 
them, not only on account of prohibitory 
tariffs, but because these countries were fully 
equipped to supply their own demands, and 
were at that time also supplying ours. Then 


this source that electric traction on a large 
scale has been and is being paid for. 

Again, the principal trade routes were still 
controlled and served by British ships 
(although recent American enterprise is 
tending to change this condition of things), 
and the Colonies have always been willing 
to favour British stuff so long as it equalled 
what other nations were offering; and 
although America and Germany have yet to 
be fought in nearly all our Colonies, seeing 
that they were there first and have already 
got a very firm hold, yet recent contracts 
which this undertaking have secured go to 
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indicate that business prospects for British 
manufactured electric traction equipments 
are very favourable. It may be stated at this 
point that the output of the Preston works is 
handled by Messrs. Dick, Kerr & Co., Ltd., 
of 110, Cannon Street, London, E.C., who, 
besides acting as selling agents, have large 
financial interests in these works,and amongst 
various large contracts recently secured for 
the Preston Works may be mentioned the 
contract for the Cape Electric Tramways’ new 
generating plant and rolling stock, the pre- 
vious installation being entirely of American 
manufacture. The question of time of 


delivery largely affected this contract, in 
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generating station plant, rolling stock, etc., 
and all of British manufacture. The Durban 
Corporation Tramways’ power station equip- 
ment will also be made at Preston. In India 
success has also been achieved, since the 
complete equipment of the Calcutta Tram- 
ways has recently been secured for the 
English Electric Manufacturing Company, 
Ltd., of Preston. The American Consular 
Report in regard to this contract is rather 
amusing. It is to this effect, viz. :—“ That, 
owing to the lack of energy displayed by 
American firms, large orders have been 
allowed to pass through their hands to 
British manufacturers ; and such a state of 
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view of the probable visit of the Duke and 
Duchess of Cornwall and York to the Cape, 
and the British firm guaranteed a delivery 
which no American firm could look at, the 
contract being placed on March 23rd, and 
the plant will be running on August Ist. 
The securing of such a contract under 
these conditions certainly speaks well for 
British enterprise, and leads one to think 
that perhaps, after all, Great Britain has yet 
a chance of holding her own. Again, the 
Camps Bay and Cape Town and Sea Tramway 
contract has also been secured by this firm. 
This includes complete equipment—that is, 


things is much to be deplored.” Surely this 
is a complete reversal of what we usually 
hear from our own consuls, and should be 
very gratifying to the firm who have brought 
it about. 

It may be added that their output has also 
included five motor cars for the Waterloo 
and City Railway, London. These cars have 
proved entirely satisfactory, and their con- 
struction by a British firm is a matter for 
congratulation, especially in view of the fact 
that when this line was built and equipped 
some three years ago a great popular outcry 
against the purchaseof American rolling stock 
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only elicited the reply that no British firm 
could give reasonable delivery, with the 
suspicion that they were also incapable of 
doing this class of work. 

This installation alone should dispose at 
once of any question of British firms not 
being able to fulfil all the requirements of 
this class of machinery as demanded by 
modern practice. 

As to the home trade generally, it is not 
necessary to speak at any length beyond 
saying that for the past eighteen months 
over one-half of the electric tram cars which 
have been ordered by our various public 
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produce. The works were in this way de- 
signed on the most up-to-date lines, offering 
facilities for output equal in every respect 
to the best America could show, and at the 
same time being far ahead of anything yet 
attempted on this side. In addition the 
most perfect plant that money could pur- 
chase and America supply were also laid 
down, and the whole concern run by American 
managers with British workmen. That was 
the origina! idea, which has been most suc- 
cessfully carried out, and with results highly 
gratifying. The American works managers 
referred to, viz. Mr. Stanley and Mr. Boyd, 
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corporations and companies have been turned 
out from the Preston works. 

So much for’ results achieved. We will 
now consider for a moment the conditions 
under which this up-to-date shop is working. 
In the first place it may be mentioned that 
the proprietors at the start fully realised that 
in order to meet American competition it 
would be necessary to proceed on similar 
lines to those which had secured for American 
manufacturers their leading position in this 
particular branch of engineering, and with 
this end in view secured the services of one 
of the most eminent men that America could 
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to whom we are much indebted for readily 
giving information to members of our staff 
on their recent visit to these works, were 
unanimous in their praise of their employés, 
who in almost every case were British 
workmen. Their experience with our men 
shows that, working 50 hours per week 
(ze. from 7.30 a.m. to 12 noon, and from 
I p.m. to 5 p.m.), they are abie to get 
as much and equally satisfactory work out 
of these men as against the 60 hours made by 
American workmen in the States. Also the 
machines employed, which were identical 
with those running on the other side, were 
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GENERATOR ARMATURE IN LATHE. 


made to turn out as much, if not more, work 
than was produced in the States. This is an 
exceedingly interesting state of things, and 
goes to show that, given like conditions, 
results obtained in America can also be got 
here. It is the want of capital and enterprise 
rather than any deficiency in the manual 
worker that has lost this country a great deal 
of her foreign trade. It must not be for- 
gotten, of course, that— 

(1) American experience, system, and plant 
have been almost entirely adopted ; 

(2) The works are adapted to turn out 
plant on a large scale—comparing very favour- 
ably, in fact, with the largest makers in the 
States ; 

(3) Standardising of motors, generators, 
etc., with different sizes, powers, etc., has 
been adopted, and will not be departed from, 
although this, of course, does not refer to 
small details. 

The system of time, piece, and premium 
work are all adopted in various depart- 
ments, and the harmonious conditions exist- 
ing between the proprietors and their men 
is not the least pleasing feature in this large 
undertaking. 

Referring now more particularly to the 
works themselves, their construction, arrange- 
ment, and equipment, reference should be 
made to the accompanying plans. It should 


perhaps be stated that there are two distinct 
works—viz. the car works, in which the 
bodies, etc., are constructed complete, and 
the new works opposite, known as_ the 
English Electric Manufacturing Co., Ltd., 
in which the whole of the electric equipment 


is made. This includes motor, gearing, 
controllers, etc. ; also complete plant for 
generating stations, the two works uniting 
to produce the finished car and generating 
plant. In order to make the description as 
clear as possible, it will be best to take each 
works separately ; and the Car Works, being 
the older of the two, will be dealt with first. 


THE ELECTRIC RAILWAY AND TRAMWAY 
CARRIAGE WORKS, LTD. 


These works were originally the property 
of the North of England Railway and 
Carriage Building Co., who established a 
business in railway carriage construction as 
far back as 1863, but had ceased working 
something like 20 years ago. It was therefore 
very appropriate that their successors, the 
Electric Railway and Tramway Carriage 
Works, Ltd., should continue the same class 
of work, and the re-opening was naturally a 
source of considerable satisfaction to the 
surrounding district. The present Company 
was registered as an incorporated Company 
in April, 1898, and got into active working 
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order about two years ago, since which time 
they have been fully engaged on various 
important contracts, some of which have 
already been referred to. It is perhaps 
needless to say that the whole works were 
entirely re-organised, new buildings being 
put up, and the existing ones adapted to 
meet modern requirements. The site covers 
an area of something like 13 acres, five of 
which are now under cover, and is situated 
on what is known as the Strand Road, 
Preston. It is close to the Preston Corpora- 
tion Docks and the River Ribble, and is 
connected by sidings with the London and 
North-Western and Lancashire and York- 
shire Railways. It is therefore highly 
favoured in its locality ; and this is a point 
which is a powerful factor from a commercial 
point of view. Reference to the plan will 
show that great care has been taken to 
obtain the best means of rapid transit 
of material and parts throughout the shops, 
and also in the surrounding grounds. In 
works such as these, where frequently a 
number of finished or partly-finished cars 
have to be stocked, such provision is, of 
course, very necessary, and, with this in 
view, something like two miles of track 
have been laid with overhead wires, electric 


power being employed for traction purposes, 1 
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these, in combination with the other 
portions of the plant, which will be de- 
scribed, all effecting great economy in the 
handling of the material, which may be 
said to be the most prominent feature in 
these works. Assuming that entrance is 
made to the works from the Strand Road by 
the main offices, we pass over the large 
weighing machine situated close to the 
stores, and which registers all the material 
entering the works. The track then divides 
up, one passing through the timber storage 
warehouse,and drying kilns, and another to 
the timber storage grounds, for which some- 
thing like four acres is provided, and, seeing 
that 40,000 ft. super. are dealt with weekly, 
it will be understood that considerable space 
is required ; another to the incline leading 
to the electric traveller, which serves the 
main shops, and yet another to the machine, 
fitting, and bogie shops. Suitable points 
and crossings connect the various routes, all 
of which can be clearly traced on the plan. 
The main shop, containing the wood-working 
machinery, is 413 ft. long by 117 ft. wide, and 
embraces also the paint and erecting shop ; 
and the illustration, which is taken in the 
cabinet-making department of these shops, 
gives a good idea of their size. In this shop 
the most up-to-date wood-working machinery 
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is installed, all driven by electric motors, in 
most cases several machines being grouped 
together, and worked from a motor-driven 


countershaft. Ina few cases an individual 
machine had its own motor, but only where 
considerable power is required; and this 
system has been adopted throughout the 
whole works. In all the shops where timber 
is being treated, the cuttings, shavings, 
and refuse are taken by centritugal exhaust 
into the boiler-room for consumption 
there. Adjacent to the wood-working 
machinery shop is the main erecting and 
painting shop, 376 ft. long by 111 ft. wide, at 
the extreme end of which are the varnishing 
and finishing departments. Another depart- 
ment is the machine and fitting shop, which 
also embraces the bending department and 
tin-smithing. 

In the power-house are the main generator 
engines of the Robb-Armstrong type with 
compound cylinders, as made by the Robb 
Engineering Co., Ltd., of Amerst, Nova 
Scotia. There are two sets or units, each 
capable of developing 500 h.p., and are 
driven by two Galloway and one Lancashire 
boilers, 7 ft. 6 ins. diameter by 28 ft. long. 
The generators are by Mather & Platt, of 
their “M” type, and have an output of 
goo amps. at 200 volts when running at 
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150 revolutions. There are also storage 
batteries having a capacity of 550 amp.-hrs. 
In order to raise the voltage to 500 for 
working the railway, a “booster” is used, 
the cells being put in parallel with the 
main generator, or, where both generators , 
are used, they are put in series for the higher 
voltage. 

These works are capable of turning out 
20 cars per week complete, or say 1,200 per 
annum, with controllers and full equipment, 
the motor, etc., being supplied by the works 
on the other side of the road, to which 
reference must now be made. 


THE ENGLISH ' 
ELECTRIC MANUFACTURING CO., LTD. 


In June, 1899, the site now occupied by 
these works was practically marsh land. 
On April 28:h, 190c, the line shafting was 
staried, and in one year from laying the 
foundation the works were completed and 
opened, and manufacturing operations at 
once commenced, since which time they 
have been fully occupied up to their full 
capacity. This, it may be stated, is the 
turning out of 1,800 complete traction equip- 
ments per annum, and about 100,000 h.p. 
per annum in direct current and alternating 
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generators for traction, lighting, and power 
transmission. The site covers 12 acres of 
land, of which 5 acres are under cover, and 
being located on the Strand Road, opposite 
to the car works just described, they enjoy 
the same local advantages as to dock and 
railway facilities. By reference to the plan 
it will be noted that the facilities offered by 
tram lines, communication both inside and 
outside the shops, from entrance to exit, 
for the economical handling of the materials 
is as great here as in the car works, and 
one may say that the two most striking 
features perhaps in these works is in respect 
to this efficiency system of transport and 
in the extensive adaptation of electric power 
for driving, lighting, and traction purposes. 
It will be noticed that the tracks are 


so arranged that all incoming and outgoing 
goods pass in at the railway entrance over 
an 8o-ton weighbridge, and it is perhaps 
needless to add that the most careful registra- 
tion is made of everything so passing. Follow- 
ing the direction of these tracks, it will be 
seen that of the two main tracks leading 
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direct from the weighbridge one curves 
towards the large machine shop. This is 
termed the shipping track, and is the exit 
track for the finished article. The other 
track from the weighbridge branches off into 
several tracks—viz. the receiving track, the 
foundry flask track, the sand track, these, 
again, having further communication with 
the various shops throughout the works. 
These tracks are all served by a 19-ton loco- 
motive, by Peckett (English-built, it will be 
noted), having a 5 ft. 6 in. wheel base capable 
of taking a curve of 4o ft. radius. This 
locomotive is seen in the illustration, in one 
case on the incline track which runs up to 
the foundry cupola staging, and in the other 
it is seen on the receiving track, where it 
enters the store room at the rear end of the 
large machine shop. The track at this end 
is so depressed as to bring the truck plat- 
form level with the machine-shop floors. 
Turntables are provided as shown. 

The principal buildings are three in number 
—(1) the machine shop, (2) the foundry, and 
(3) the power house. Of these the most 
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important is the machine shop, which is 
896 ft. long by 120ft. wide, arranged in two 
bays, and seen in the illustration described 


as Bay A and Bay 2. This shop is 35 ft. 
high in the clear, and has 25 ft. head room 
under the cranes. Two important features 
must be here noted—(1) the massive steel 
stanchions running down the centre of two 
bays, which, besides carrying the roof, also 
carry the main shaft and counter-shafts ; 
(2) the massive electric travelling cranes 
serving these shops. There are four of these 
in the machine shop—viz. one 40 tons, 
one 30 tons, and two 15 tons, each of them 
being provided with four motors, one motor 
for driving the main hoist, one for the trolley 
traverse, one for the bridge traverse, and one 
for the auxiliary hoist, the latter being for the 
purpose of dealing with light loads at a high 
speed. These cranes were made by Messrs. 
Pawling & Harnischfeger, of Milwaukee, 
Wis., and appear to be very efficient and 
rapid in working, the 4o-ton cranes travelling 
at the rate of 250 ft. per minute and hoisting 
the full load at 12 ft. per minute. The arrange- 
ment of a two-bay shop in combination with 
the stanchions already referred to and seen 
in several of the illustrations embodies the 
latest American practice in shop construction, 
and the facilities thereby offered for driving 
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BORING-MILL. 


the machines certainly appear very great. 
In addition to this, large motors for the main 
shaft can be advantageously employed. The 
driving of the 800 ft. of main line shafting 
down the machine shop is somewhat unique. 
This is divided into § sections of 100 ft. each, 
each section being driven by a 5oh.p. electric 
motor running at 200 revolutions and directly 
connected to them by a quill shaft and clutch ; 
by this arrangement any section of the 
shafting can be driven by its own motor, or 
the whole 800 ft. length can be driven by 
any one or more motors as required. As 
in the car works, the tools are grouped and 
driven off countershafts, themselves driven 
by motors, except in the case of the large 
machines, which are provided with individual 
motors. This is a system now becoming 
very general, and is not confined to American 
practice. As already stated the machine 
shop is divided into two large bays, the one 
side being devoted to the manufacture of 
traction motors and equipment details, and 
the other for the purpose of producing the 
heavier machines belonging to generating 
station plant. In both cases, however, the 
raw material is brought in at the receiving 
store room, where is located a 10-ton weigh- 
bridge, and is so treated during its progress 
up this shop that it emerges at the other end 
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ready to be tested previous to being trans- 
ported along the shipping track without 
having taken a retrograde step. This, in fact, 
is the keynote of the whole system adopted 
at these works—viz., that handling is reduced 
to a minimum and the constant passing and 
repassing backwards and forwards so com- 
mon in many of our shops, with consequent 
loss of time, is entirely avoided. 

Reference to the plan will at once indicate 
the system adopted. After leaving the 
receiving store, the steel discs used for build- 
ing up armatures are punched and otherwise 
treated. They are then annealed ona special 
gas furnace, seen in illustration described as 
bay A. They then go to the painting and 
drying machine, and so on; and the same 
might be said of every piece forming part of 
the various equipments, but space will not 
permit us to follow all these. Some reference, 
however, must be made ~to the various 
machines used, which include powerful hori- 
zontal milling machines, capstan lathes of 
various types, including the well - known 
Gisholt machines, multiple drill presses, 
tapping and screw machines, large lathes 
for turning generator armatures, one of 
which is illustrated. This lathe, which is 


capable of dealing with diameters up to ~ 


15 ft. and admits 27 ft. between centres 


CABINET SHOP 


185 


is by the Fifield Machine 
Pittsfield, Mass. 

Another fine tool is a “ Niles” 24-ft. vertical 
boring mill, weighing over 100 tons, and 
illustrated herewith. Most of the tools are 
working at a fairly high cutting speed. For 
instance, the writer saw a Betts 5-ft. vertical 
mill operate on hard steel motor frame cast- 
ing, working at a cutting speed of 104 ft. per 
minute. The chips thrown off were dark 
blue in colour, and the tool steel used was 
self-hardening. 

Yet another fine tool to which brief refer- 
ence must be made is a universal boring and 
milling machine. The table of this, which 
is arranged flush with the floor, is 24 ft. 
square, and along one side of this table 
travels an upright pillar 10 ft. high, to which 
is attached a spindle capable of being 
worked vertically or horizontally. This 
machine is used for machining generator 
frame castings. 

An important feature of the machine shop 
is the tool room, which is sunk 5 ft. below 
the floor level, so as not to interfere with 
a clear view of the shops. 

Another department, also of great import- 
ance, is that devoted to gear cutting, the 
most up-to-date machines being used, and 
performing some of the most important work 


Tool Co., 


IN CARRIAGE WORKS. 
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CAR ERECTING SHOP. 


in connection with the construction — of 
electrically-propelled cars. 

It will be noticed that the foundry is in 
direct communication with the machine shop 
through a railway track, thus enabling 
castings to be delivered directly to their 
respective departments, all handling right 
up to the machine tools being effected by the 
travellers, air-hoists, and other lifting tackle 
employed. After passing through the 
machining department proper we find our- 
selves at the end of the shop, where are 
situated the winding, testing, and insulating 
shops ; and here is also situated the works 
manager's office, which has a complete view 
right down the two bays. 

The operations which take place in the 
insulating room and motor-winding de- 
partment are especially interesting. The 
armature coils, which are wound entirely by 
machinery, are thoroughly insulated with 
mica, paper, and cotton braiding ; they are 
then dried, dipped in special varnish, and 
baked to secure perfect freedom from 


After this treatment they are 
pressed into shape, all coils and windings 


moisture. 


being alike and interchangeable. The mica 
rings and tubes for the commutator are 
moulded under pressure while being heated. 
A large number of female operators are 
employed in the insulating room. The 
testing of motors and generators is carried 
out on the Hopkinson system, each 
machine being also thoroughly tested for 
insulation, temperature, and commutation. 
In this room is arranged a large switch- 
board, 48 ft. long by 8 ft. high, and provided 
with a complete assortment of modern testing 
instruments of wide range. The next depart- 
ment to which attention must be drawn is 
the foundry. This comprises the brass and 
iron foundry, pattern store and pattern shop, 
and is 465 ft. by 120 ft. wide. It is a well-lit 
and very lofty building, and is served with 
two 30-ton and two 15-ton electrically-pro- 
pelled cranes. There are two cupolas for 
iron and five brass furnaces. Special elec- 
trically-driven machines are used for sifting 
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sand, for cutting gates from castings, and 
for magnetically separating brass and iron 
filings. The pig and coke used for charging 
the cupolas is delivered directly from the 
railway trucks up an incline to the level of 
the cupola charging doors. The pattern 
shop is provided with a full equipment of 
electrically-driven wood-working tools. 


POWER HOUSE. 


It is gratifying to note that the generator 
driving engines are of British make, having 
been built by Messrs. J. Musgrave & Sons, 
Ltd., of Bolton, Lancashire. These engines 
are of the horizontal compound type, 
with Corliss system of valve gear. There 
are two sets, each developing 4oo h-p.,, 
and coupled direct to two 300-kilo-watt 
generators. The boilers are of the Lanca- 
shire type, made by Messrs. Joseph Foster 
& Son, of Preston, 9 ft. diameter by 32 ft. 
long, and each developing 500h.-p. There 
is also a battery room containing a 500-volt 
chloride accumulator set of 1,600 cells for 
storage purposes to supply light and power 
at night when the generator plant is shut 
down. A reservoir of 60,000 gallons capacity, 
a cooling tower, and a Green’s economiser 
assist in securing the highest efficiency. 

_ Great attention has been given to the ques- 
tion of lighting and ventilation, the former 
being supplied by electric light, and the latter 
by radiator coils and the hot-air system. 

Considerable care has been taken to secure 
for the employés comfortable and sanitary 
conditions under which to work;and in 
addition to this the Company also built 120 
model cottages, which were so much appre- 
ciated that the local builders found it to their 
interests to supply a further number built on 
similar lines. 

An excellent club-house in the grounds 
provides for the accommodation of the 
directors and their friends, and for the use of 
the principal managers. 

Having now briefly described these two 
fine works, which, although separated by a 
public road, and manufacturing two classes 
of work, are really one, in so far that they 
unite in the manufacture of a common pro- 
duct, what are the main characteristics which 
have been embodied in their construction ? 
We have in these works an example of the 
latest American practice, that is to say :— 

(1) Buildings designed to facilitate trans- 
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port of material through the medium of 
ample lifting tackle. 

(2) Machinery of the best known type, 
measured from the point of view of capacity 
for output. 

(3) Systematic arrangement of such ma- 
chinery whereby the raw material and parts 
in process of formation are handled as little 
as possible, and whose transit through the 
works is progressive, no individual piece 
going over the same ground twice, but enter 
ing at one end as raw material and departing 
at the other as the finished article, the assem- 
bling and testing being effected near to the 
point of exit. 

(4) Great facilities in the way of tram 
lines, locomotive travelling cranes for rapid 
transport, etc. 

(5) Standardisation of types; interchange- 
ability of parts. 

(6) Complete tool-room, with every facility 
for serving each machine, thus avoiding all 
loss due to stoppage of machines through 
faulty tools. 

(7) Large amount of natural light, supple- 
mented by an ample artificial supply. 

(8) Complete telephonic communication 
throughout the works. 

(9) Proper ventilation and warmth and 
regard to the sanitary conditions under 
which the employés work. 

(10) Efficient system of 
records, etc. 

(11) Harmony between managers and 
men. 

(12) Commercial facilities for the securing 
of large contracts, with equal facilities for 
output on a large scale. 

Other points might be enumerated, but 
these will be sufficient to indicate. the 
prominent features of this undertaking, and 
although of course it must be remembered 
that these works are dealing with a standard 
type of machine capable of being produced 
in large quantities, yet it is not too much to 
say that if we in this country desire to attain 
to a pre-eminent position in engineering we 
shall have to adopt to a large extent the 
principles here embodied. By those who 
have had the opportunity of making a per- 
sonal inspection of these works, it will be 
generally admitted that they represent a 
unique example of up-to-date engineering, 
and their installation marks an epoch in 
the industrial progress of this country. 

E. C. A, 
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possible, drawings should accomrany the contribution; rough’sketches will suffice. 


poor for a careful inspection. 


Nothing will be too 
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‘ Bearings for Small Dynamos. 
—The majority of small dy- 
namos and electric motors, as 
used for experimental purposes, 
fan driving, etc., have many 
disadvantages consequent upon 
the crude form of bearings, 





which are minus the means of 











adjustment and renewal, and in 





many ways conduce to the low 
efficiency so characteristic of 
this class of machinery. Simple 
bearings, giving good results, 
duplicated at a low cost, and 
readily refitted when necessary, 
are shown in sectional elevation 
at Figs. 1 and 2, both for com- 
mutator and pulley ends of 
shaft. They are turned from 
the rod, preferably, out of 
phosphor bronze, and made to 
screw into suitable holes in the 
standards or pedestals, being 
prevented from slacking back, 
as indicated, by the stem of 
the lubricator. The bearing for 
the pulley end (Fig. 2) is formed of two 
similar portions, which give a finished» ap- 
pearance; that for the commutator end is 
in one piece, and so shaped that it may carry 
the brush-rocker, a set screw through the 
latter engaging with a groove turned in the 
former, retains the rocker in position. 
D. W. GAwWN. 
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A Commutator Crouble due to a Faulty 
Bearing.—A machine had been running for 
some years, when it commenced to make 
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flats on the commutator. It was trued up, 
and put to run again, but in a short time the 
trouble recommenced. Eventually it was 
found that the spherical shell which formed 
the bearing at that end of the shaft was loose 
in the casting. Three thicknesses of paper 
put in as a lining made the matter right, and 
the machine has run well ever since. 
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‘feating of an Armature due to a Loose 
Bolt.—A continuous current generator sud- 
denly commenced to heat all over. An 
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examination showed that one of the bolts of 
the pedestal had worked loose, leaving the 
armature a certain amount of play, which it 
utilised to swing nearer to one pole than the 
other. When the bolt was tightened up, and 
the armature caused to preserve its central 
position, the latter cooled to its normal 
temperature for running. 
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Makeshift Repairs to one Machine, run- 
ning in parallel with another causes an 
Overload on its fellow.—Two continuous 
current machines were running in parallel, 
one of them was observed to gradually get 
hotter, the load on that machine gradually 
increasing, as time went on, with the same 
load on the station. The cause was found to 
be that sundry repairs had been done to one of 
the other machines from time to time by the 
station hands, and they had been done ina 
somewhat rough manner, masses of solder 
being prominent features in the appearance 
of the machine. Cutting this machine out 
of circuit, and substituting another in its 
place, put the matter right. 


a 
Faulty Rheostat Contacts cause a Dynamo 


to fail—A continuous current dynamo was , 


run from an engine which was also running 


other plant, among them an automatic 
stoker, a rheostat being used in the field 
circuit of the dynamo to adjust the pressure. 
The field rheostat was placed in an inacces- 
sible position, and after a time the lights 
refused to burn. Examination showed that 
the contacts of the rheostat were so badly 
burned that practically no current went 
through the field magnet coils, and hence 
the machine would not build up. 


a> 


A Shower-Bath causes a Continuous Current 
Generator to fail.—A two-pole generator was 
subject to a shower-bath, owing to the over- 
flow of a water service. ‘Ihe lights grew 
dim, and the rheostat which was used with 
the field coils got hot. By the time the man 
from the works arrived the water had appar- 
ently dried, and nothing was said about it. 
Apparently also the field current was at its 
proper strength, till on suddenly breaking 
the field circuit, a hiss was heard, and the 
field current increased 150 per cent. The 
field coils were cut open, and the actual seat 
of the trouble located, the coils being spliced 
with copper tubes and the splices wrapped, 
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after which the insulation appeared to be all 
right, and the machine ran as before. 

[The methods adopted appear somewhat 
drastic in this case.—ED.] 

> 

‘A Drown Out put right in one Day without 
stripping.—A 60-h.p motor running off a 220- 
volt service was located under the wash- 
room of a factory. One night the tap was 
left running, and the motor was drowned. 
Fortunately, no attempt was made to run 
the motor in that condition. Gas and oil- 
heaters were assembled round the machine 
wherever they could be placed with safety, 
and after five hours of this treatment the 
field current was turned on, and after a few 
hours of this the armature was started 
through all the resistance of the starting 
rheostat, and kept running for another five 
hours. The next morning the machine 
operated as usual. 

[This machine would probably require 
watching and testing frequently after the 
above experience. Also, what of the rheo- 
stat ?—ED. ] 

a 


“Che addition of a Carbon Brush on each side 
of the Commutator cures Sparking.—Two 
large continuous - current generators were 
fitted with metal brushes, and would never 
carry the full load without sparking heavily. 
The commutators were very badly cut. The 
commutators of both machines were trued 
up, and on one of them a carbon brush was 
added on each side of the commutator, with 
the result that the sparking ceased, though 
it was just as bad on the other machine, on 
which only the metal brushes were still used. 
The other machine was then fitted with a 
carbon brush in addition to the metal brush. 

[The writer in this case does not make it 
clear how he arranged to be able to put a 
carbon brush on in addition to the others. 
If he displaced one of the metal brushes by 
a carbon brush, according to English experi 
ence, the trouble would have been increased. 
—Ep.] 

ea) 

VW. £. Woodmansee, Cleveland, U.$.A.— 
Mr. Woodmansee remarks that sometimes 
the most trifling thing will cause more 
trouble than a more serious defect, and that 
it is always easier to say what you have 
done, in matters of this kind, than what you 
would do. 


[He is quite correct. ED.] 
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Drilling Ball Bandles. —The illustration (Fig. 1) 
shows a ‘‘jig” for drilling the ball handles, as 
used on modern machine tools. It consists of a 
cast-iron base (2) machined .on top and bottom 
with a central T slot running the entire length 
and another at right angles. A couple of small 
headstocks with ‘‘ nibs,” fitting in the upper part 
of the longitudinal slot, are movable, and provided 
with a coned centre at the front, the cone on 
the left being fixed, whilst the one on the right 
can be moved to admit and retain the work, by 
the usual arrangement of screw and spindle as 
fitted to an ordinary lathe. The headstocks are 
kept in position by T-headed bolts fixed in the 
slot. A central cast-iron bracket carries a slide 
terminating in a boss, in which are inserted steel 
bushes bored to suit the different size twist drills 
required ; the bushes are interchangeable and 
tightened by a set screw in the boss. As the 
bracket can be moved to or from the headstocks, 
and the slide (S) carrying the bushes raised or 
lowered, any ordinary length or diameter of 
handle can be drilled under the machine, clamping 
the base of the jig to the drill table, the cones 
holding the job firm and ensuring its centricity. 

DRILLER. 


[The correct distance of bracket from centre of 
heads could be determined by using a false centre 
in the right-hand headstock, and bringing a drill 
—inserted in the bush for the purpose—directly 
over it.—Eb. ] 

> 


A Caper pin Cool.—-A front and end elevation 
of a tool for taper pin making, on a Brown and 
Sharpe screw machine is shown in figure opposite. 
This was made from a piece of mild steel, turned 
to 24-in. diameter, with an eccentric shank of 
14-in. to fit machine turret. At the large end a 
line was drawn through the centres 4 8B, at 
A a hole was bored coinciding with size and 
length of pin to be turned, a iene of $-in. 
from A gave the position for edge of cutter. A 
surface inclined at 6 degs. was milled out to form 
seating for same, leaving the strip S to support the 
adjusting screws as shown. The cutter was made 
of 14-in. by }-in. tool steel with slotted holes, and 
clamped down with a couple of j-in. set screws 
with collars turned under the heads. The tool 
has produced excellent results, with a saving: of 
50 per cent. over the old method. A roughing 
cut is also dispensed with, as previously used. 
The sizes of the tool can be catied te suit different 
classes of work. JOHN ANDERSON. 


i 2 
A Band to Power Drive for Pipe Screwing. 


—aAn ordinary pipe screwing machine operated by 
hand was transformed into a power-driven machine 
by the following arrangement: The machine was 
taken from the bench, to which it was secured by 
bolts passing through the lugs 4 and B (see fig.), 


and placed on the side of the table of a radial 
drill, the tee slots in the table being utilised for 
carrying the bolts, one of which passed through 
the lug &, two other bolt holes (C, D) having 
been drilled through the base of the machine 
opposite the other slot in the table. A socket 
bar, fitting in the drill spindle, was provided with 
a squared hole to engage with the end of the screw- 
ing machine shaft ; by bringing the drill spindle 
into position the screwing was performed by start- 
ing the machine with the bar over one shaft, and 
the reversing motion to run the pipe out over the 
other shaft. With this device a large number of 
pipes were screwed with a great saving of time 
and hard work. P. W. BARNES. 


a> 


A Caper Curning Attachment,—Lathes which 
are not provided with headstock adjustment, or 
saddles for taper turning, can be easily made to 
meet an emergency by the following addition: 
A cast-iron head is bored to fit the loose 
headstock spindle, to which it is fastened by a set 
screw (5S) as shown. A V-slide, with setting-up 
strip and the usual screws, is slotted for some 
portion of its length. Through this slot a set screw 
secures it in position, the slide also carries the 
dead centre, which is screwed into it. With this 
device connecting-rods, hand-rail pillars, and other 
taper work can be conveniently finished. 

T. H. Fouison. 


[A stay from the lathe bed to a point P would 
take the strain off the set screw S, and keep the 
centre to the proper height.—Ep. ] 
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the groove in the casting without 
the aid of cores, but it is necessary 
to mould it in a three-parted box. 
Thus a definite form of groove is 
made which, however, may not be 
suitable for some special job, but can 
be altered in the moulding to the 
required section by the following 
method. Fig. 2 shows the section of 
a mould with the half pattern in 
position, and it is required to alter 
the form of groove from that shown 
to the left of Fig. 1 to a smaller 
section, as shown by the horizontal 
and vertical lines to the right of 
Fig. 2. One half of the pattern is 
rammed up to the bottom edge of 
the groove forming the joint (/), and 
a reversible strickle which has been 
previously made to the required 
section, is swept over a thickness of 
sand packed on the pattern at 5S. 
The top half of the pattern is then 
set in position, and the middle part 
box rammed up. This carries the 
projecting ring of sand forming the 
groove, and the ramming-up and 
‘*gateing” of the top part completes 
the moulding. The top box is now 
lifted off and the top half pattern 
drawn, the strickle reversed, and 














A MOULDING OPERATION. 


A Moulding Operation.—In shops where 
numbers of rope pulleys are used they are generally 
moulded from iron patterns made in halves, as 
shown at Fig. 1, each half kept concentric by a 
projection on one, with a corresponding recess in 
the other, with a dowel pin to ensure the relative 


position of the arms. Such a pattern leaves 


the excess of sand removed ; smoothers are used 
for finishing. The middle part is next removed, 
leaving the bottom half of pattern to be drawn, 
the thin layer of sand (.S)—separated by parting 
sand—being first brushed away, leaving the groove 
section the required form. A plan of the mould 
is shown at Fig. 3. G. BUCHANAN. 
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A Valve Casing Pattern.—The 
method of making the pattern and 
core-box for a relief valve casing as 
shown in section at Fig. I is as 
follows :—The pattern Fig. 2 is_in- 
tended to be moulded in a vertical 
position, with the mould jointed on 
the line 7 A, hence the top part of 
the pattern is made loose, fitting in 
a recess formed in the bottom half. 
Long and short prints P /! are 
set round the pattern to form 
recesses, into which the prominent 
parts of the core representing 
openings in the casting, should 
fit accurately. The half core-box 
Fig. 3 is made in thicknesses, coinciding with the 
lengths of the different diameters of the core, as 
A, 8, C, D with end pieces Z £' to finish the 
ends of the core. The staves as shown at C are 
fitted to the outside diameter, and are of a thickness 
sufficient to reduce the core to a diameter equal to 
the inside of the casting at this part. The staves 
are also jointed at the ends on the centre line of 
the openings, and terminate with a fillet “ which 
may be turned as a complete ring, cut to the 
required lengths and fastened on the stave ends. 
The seating S may be turned as a whole 
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FIG. 3. 
A VALVE CASING PATTERN. 


front and back of the fire-box. An improvement 
recently introduced in American practice consists 
of a gun-metal seating, Fig. 1, riveted to the boiler, 
with a soft copper gasket inserted between it and 
the shell, to prevent leakage. The plug, Fig. 2, is 
also of gun-metal, and cupped out for lightness, as 
shown by dotted lines. With a taper of 1} in. to 
the foot and 8 threads per inch, and provided with 
a hexagon head 3 ins. across the flats for screwing 
up, there is practically no liability to work -loose. 
Wn. NEwron. 





ring, of dovetail section as shown, one- 


T 





half being used. This piece, like the 





staves, comes out with the core and is 
lifted away, to be replaced along with 
the staves to form the other half of the 
core. Owing to the alternating long 
and short slots, an extra stave piece 
would be necessary to reverse the core- 
box for opposite halves. 
Wo. NEwrTOon. 
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[The core prints ? ?! could be dis- 
pensed with to advantage, if the core- 
box at C were made equal to outside 
diameter of casting, the projections of 
sand forming the slots, just cutting 
through thickness of metal.—Eb. ] 

= Feilde 
‘Washout Plug for Boilers.—In a 
the cleaning of boilers, the dislodged 
scale, dirt, etc., has hitherto been 
passed through the mud holes at the 
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CIVIL BNGINEERING. 


Concrete Subways for Underground Pipes. 

In a very interesting paper recently read at a 
meeting of the Society of Engineers, Mr. Arthur 
Taylor Allen commented on the advantages 
arising from the construction of concrete subways 
for underground pipes. The first subway of this 
kind in England was built, it appears, in 1860, 
in the City of London, and a second one, soon 
afterwards, was constructed in Nottingham. 
Since then, however, no progress has been made, 
excepting a subway built at St. Helen’s in 1898, 
in expanding this system, notwithstanding the fact 
that it is an effective remedy against the continuous 
breaking up of roadways in orde1 to obtain access 
to the numerous pipes that nowadays are laid 
beneath the thoroughfares of all great towns and 
cities. Mr. Allen drew attention to the incon- 
venience and even danger likely to arise from 
roadways being’ laid over a number of gas-pipes, 
which might soon prove to be of insufficient 
capacity or become defective, and over water- 
mains that were laid years ago when the water 
supply was comparatively limited. He demon- 
strated the facility of obtaining access to pipes 
laid in concrete subways for purposes of inspection 
and alteration, and the great importance of an easy 
access to such pipes, since, hidden as they are, a 
defective joint or a burst may remain undiscovered 
for aconsiderable extent of time, and the enormous 
expense often incurred in securing a supply of 
pure water rendered nugatory in consequence of 
pollution caused by such an eventuality. An 
additional advantage arising from the construction 
of subways is the fact, as the author pointed out, 
that electric telegraph, lighting and traction wires, 
instead of being run along poles and roof fixtures, 
could be placed within these subways, and rendered 
harmless to the public in case of breakdowns. 
He suggested further that in large cities and busy 
thoroughfares where foot passengers experienced 
difficulty in crossing the street, underground 
conveniences should form a part of the subway 
scheme. He described a project for building a 
subway under each footpath of all new streets 
intended to receive the water, gas and other pipes, 
which should be in duplicate, while the concrete 
wall of the subway nearest to the houses might be 
perforated with 2 and 24 in. holes for the house- 
services, so that the construction and expense of 
lateral ways could be dispensed with. The sewer, 
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according to this project, would be laid under the 
road, furnished with the usual manholes on the 
principle adopted in ordinary practice, but, in 
addition, there would be elongated eyes at 
intervals of 20 ft. each, extending to each subway. 
The chamber, common to all house drainage, 
would be constructed by, and at the expense of, 
each owner, when requiring to connect with the 
sewer. By this or similar schemes, all the pipes, 
etc., would be rendered accessible without the 
constant interference with the surface of the road, 
which at present causes an almost permanent 
disfiguring of our streets. The expenditure for 
such undertakings amounts, according to Mr. 
Allen, to £15 per lineal yard in London, to £10 
in Nottingham, and to £7 2s. 4d. in St. Helen’s. 
He pointed out, however, that to render the 
information as regards cost of practical value, it 
would be necessary to carefully inquire into the 
existing conditions facilitating or rendering difficult 
the work of construction. As these undertakings 
would come under the category of permanent 
work, it would be advisable to cover the expendi- 
ture by a loan extending over a period of 50 
years. 
a> 


Reconstruction of Kew Bridge.—A large 
party of members of the Institution of Junior 
Engineers had an opportunity of inspecting the 
reconstruction work of Kew Bridge, having been 
invited by Sir John Wolfe Barry, K.C.B., and 
Mr. C. A. Brereton, M.M.Inst.C.E., and being 
received by the Resident Engineer, Mr. R. W. 
Dane, M.A., Assoc. M.Inst.C.E., and on behalf 
of the contractor by his son, Mr. Alexander Gibb, 
Assoc.M.Inst.C.E., who took charge of them 
during their visit. The work of reconstructing 
Kew Bridge consists of three distinct parts :—(1) 
Construction of a Temporary Bridge ; (2) Removal 
of the Old Bridge ; (3) Construction of the New 
Bridge. The temporary bridge was begun in 
March, 1899, and was opened for traffic on 
October 12th of the same year. It consists of an 
18-ft. roadway, with two 5§-ft. footways carried on 
timber trestles and piles, and is about 300 yards 
in length. For the river traffic three openings are 
provided, a central one of 75 ft., a northern one 
of 40 ft., and a southern one of 50-ft. clear span, 
the roadway being carried across these by trough 
flooring resting on plate girders, from which the 
footpaths are bracketed out. The roadway is 
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wood-paved throughout. The removal of the old 
seven -arched bridge was begun directly the 
temporary bridge had been thrown open to traffic. 
The parapets, roadway, and filling above the 
arches were first removed, then centres were 
successfully placed under the arches, and the latter 
were removed course by course. The old pier 
foundations, which have given some trouble to 
get out, are laid on timber platforms sunk from 
3 to 10 ft. below low water line. Theyold bridge 
is now all removed, with the exception of the 
foundations of the two central piers and a portion 
of the approach viaduct and piers. The new 
bridge consists of three elliptical spans, a central 
one of 133 ft., and two side spans of 116 ft. 6 ins. 
each, with a central headway of 20 ft. above 
T.H.W. The width between parapets is 55 ft., 
or more than double that of the old bridge, and 
the gradient of the approaches is I in 40. The 
arches are of granite throughout, and in the piers 
and abutments the granite is backed with brindle 
brickwork in cement. Over the piers there are to 
be four handsome shields, carved in granite, bear- 
ing the arms of Middlesex and Surrey respectively. 
The outline of the voussoirs is brought into relief 
by heavy rock facing with rusticated joints. Both 
pier and abutment foundations were put in by 
means of whole timber (single row) sheet piling 
cofferdams, tongued and grooved, and driven 5 ft. 
below the finished foundation’s level, which, for 
the piers, is 16 ft. below the bed of the river, or 
14 ft. into the London clay. At present (May, 
1901) the north abutment has been built up to 
springing level, and three courses of arching have 
been laid, before the centering ribs, which are to 
carry the arching during construction, are erected. 
The north pier is built up to springing level ; the 
south pier foundation is excavated, the concrete is 
being put in, and the south abutment cofferdam is 
being driven preparatory to excavating. The 
granite is obtained from Cornwall and Scotland, 
that from the latter being exclusively used for the 
parapets and finer work. The bridge is expected 
to be completed in the course of next year (1902). 


> 
* The Cost of Steel and Wood Combination 
Bridges.—We regret that through some misunder- 
standing the building of the wood-and-iron com- 
bination bridge, to the economical character of which 
we directed the attention of our readers on page 695 
of our June issue, should have wrongly been credited 
to the engineering firm of L. Schreiber & Sons, of 
Boston, Mass., U.S.A., instead of to Mr. H. G. 
Tyrrell, their contracting engineer. As the latter 
informs us, it was he who designed the Madison 
Street Bridge at Portland, Oregon—which is the 
bridge referred to—being at the time engineer of 
the firm to whom the work of construction had been 
entrusted. It is only natural that Mr. Tyrrell 
should ask us to give him credit for his very clever 
work, and we hasten to do our duty in the matter. 


MECHANICAL ENGINEERING. 
An Improved Calorimeter.—-Only those en- 
gaged in experimental research and laboratory 
work fully realise the difficulty of maintaining 
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the uniformity of the initial temperature of fuel, 
water and atmosphere required to estimate 
correctly the caloritic value of gaseous or liquid 
fuels. It will be welcome news therefore to all 
engaged in such work that Messrs. Simmance 
& Abady have placed upon the market a novel 
type of their calorimeter by means of which this uni- 
formity, as they claim, is easily attained and which 
moreover is self-contained, requiring no permanent 
water service; a feature that will appeal to many 
managers of gasworks. The operation of the 
calorimeter is as follows:—A cistern of 10 gals. 
capacity elevated on a stand, constituting a 
Mariotte bottle on a large scale. Thus an 
artificial atmosphere ensures constancy of water 
flow. The water, after passing through the 
calorimeter, is received in a tank beneath 
the table on which the instrument stands, and 
is returned again to the upper tank by means of 
a small semi-rotary lift pump; in this way being 
used over and over again. The readings of the 
calorimeter are taken at intervals about one 
minute each, three readings constituting a test. 
The gas supply is measured and regulated by 
means of an experimental meter and governor, 
and is automatically shut off when the upper 
cistern is emptied. An adjusting valve and 
delicate thermometer are placed at the products 
outlet, and from the above it will be seen that 
the water will be at atmospheric temperature both 
in the tank and in the meter, and by the regu- 
lation of the products outlet, absolute uniformity 
throughout is maintained. This apparatus can 
be used, whenever a supply of the gas to be tested 
is obtainable, and since permanent connections 
for gas, water or waste are required, it is portable 
in the fullest sense of the word. Messrs. Simmance 
& Abady are building or manufacturing at 
present this new type of calorimeter at Messrs. 
Alex. Wright & Co.’s Works, at Westminster. 


a) 


Alcohol Motors.—On the Continent the popu- 
larity of the alcohol motor is steadily increasing, 
and to judge from the data published regarding 
its efficiency there is little doubt that it will find 
employment in connection with various enter- 
prises. In a lecture on the subject, recently 
delivered by Mr. Oelers before the German Dis- 
tillers’ Association, the author entered upon a 
comparison regarding the relative cost per horse- 
power per hour in the various types of automobiles, 
and striking an average for several motors of each 
type, arrived at the following figures : The gasoline 
motor consumes 0°77 lb. per horse-power per 
hour, which represents a cost of 14a. ; an ordinary 
petroleum motor 0°88 Ib., equivalent to a cost of 
I}d. ; an average gas motor costs Id. per horse- 
power per hour; while the alcohol motor, con- 
suming 0°98 lb., costs 14@. per horse-power per 
hour. The latter therefore yields a horse-power 
at very nearly the same cost per hour as the 
petroleum motor, is slightly more expensive than 
the gas motor, and cheaper than the gasoline 
motor. The objects for which alcohol motors will 
prove useful are many, but at first they will most 
likely be of good service in agricultural districts, 
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both as regards providing power for agricultural 
labour, and for the transport of agricultural 
products. 

aa) 

The Chaboche Motor.—Among the many 
novelties in motor-car construction, the Chaboche 
motor-car deserves some attention. Its special 
feature is the boiler, which is of the flash type, 
and consists of numerous coils of steel tubing. 
Instead of the feed-water, however, being pumped 
direct through the coils, it is supplied under 
pressure of air at from 200 lbs. to 400 lbs. per 
square inch from a vessel placed by the side of the 
driver. This pressure is maintained by a pump 
driven by gear from one of the engines. In con- 
sequence of this arrangement the car may be 
started immediately after a stop has been made, 
instead of first having to pump in water by hand, 
as is necessary in other auto-motors provided with 
flash boiler types. Another advantage is that 
when the car is stopped there is no pressure left 
on the boiler, and that the air-pump has to be 
worked only intermittently to keep up the pres- 
sure above the feed-water. It may be mentioned, 
incidentally, that the boiler is fired from the top. 


® 


MISCELLANEOUS. 

A Mecury Vapour Lamp.—Once more the 
mercury vapour incandescent lamp—which soon 
after its first appearance was abandoned owing to 
the unpleasant quality of its light—is being 
prepared for the market~by Mr. Hewitt, an 
American electrician, who recently exhibited 
models of an improved form before the meeting 
of the American Institution of Electrical Engineers. 
The principle of this lamp is, as its name indicates, 
the incandescence of mercury vapour. This 
vapour is enclosed in long glass tubes; those of 
the exhibited models had a length of from 2 ft. to 
4 ft., and a diameter of 1 in. The chief virtue of 
this type of lamp is the great intensity of the 
light. In a model with a tube 3 ft. in length, 
light of an illuminating power equal to that of 
400 candles was developed from a consumption 
of energy not higher than that which would be 
needed to feed four 8-candle power lamps of the 
ordinary incandescent type. The great intensity 
of the mercury vapour light, however, is counter- 
balanced by the unpleasant quality of the light, 
which is practically devoid of red rays. Experi- 
ments have been made to improve the quality of 
the light by introducifg various substances into 
the mercury, in order to colour the light, but 
without success. Even Mr. Hewitt has not yet 
been able to solve the problem completely, but 
hopes to do so shortly. Since the high efficiency 
of the light is proved beyond dispute, and even by 
conservative electricians granted to be from three 
to five times that of the carbon arc, it is natural 
that previous failures should not have discouraged 
inventors from resuming experiments for the 
purpose of modifying the colour, and it is more 
than likely that either Mr. Hewitt or some other 
electrician will succeed in the near iuture in 
solving the problem. 
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A Jubilee Exhibition,—The discovery of gold 
in Australia in the year 1851 will be commemo- 
rated by an extensive jubilee exhibition at Bendigo 
under the auspices of the Government of Victoria, 
which is to be opened toward the end of the present 
year, and promises to be a fitting memorial of the 
first anniversary of the birth of the Australian 
Commonwealth. The exhibition is not to be 
inter-state merely, but to have an international 
character, and to contain exhibits from all parts of 
the world, illustrating modern progress in art, 
science, and manufactures, though, of course, 
prominence will be given to mining exhibits, 
notably such as illustrate gold-mining. The 
mineral resources of Victoria and the other States 
of the Commonwealth will be fully illustrated, and 
visitors will have an opportunity of comparing 
Australian mining methods with those practised in 
Great Britain, Canada, the United States, and 
other parts of the world. Agriculture will also be 
well represented, and foreign exporters of agri- 
cultural specialties will have an excellent oppor- 
tunity of ascertaining what is wanted, and of 
preparing and forwarding their goods so as to 
secure a share of the profits to be derived from 
the Australian market. 


A New Incandescent Lamp Filament.— 
According to a German contemporary, Auhlow’s 
Review, Dr. von Welsbach has invented a new 
filament for incandescent lamps, which is said to 
take a lower current than those hitherto used, 
including that of the Nerust lamp. The essential 
substance in its composition appears to be 
osmium, a comparatively rare metal, first brought 
to the notice of the general public during the 
era of the telephone monopoly as a_ possible 
substitute for carbon in the microphone trans- 
mitter. Whatever its suitability in other respects. 
may be, it shares with carbon the properties of 
high resistance and small liability to oxidation. 
It is difficult to see, even if the new filament 
should prove to be superior to all those at present 
in use, how a heavy demand for it could be met, 
as osmium so far has been produced only in very 
limited quantities. Still, if its value should be 
generally recognised, systematic search for its 
existence may lead to the discovery of its produc- 
tion on a commercial scale. 

rea) 
‘Transport Appliances,—We regret that in, 
the article contributed by Mr. A. J. S. B. Little, 
published in our last issue, we omitted to state 
that the copyright photographs serving to illustrate 
same were kindly lent by the following firms :— 
Nos. 2, 3, 4, 5, by the Temperley Transporter Co. ; 
No. 12 by Bullivant & Co. ; and Nos. 1, 7, 8, 9, 
10, 11, by the New Conveyor Co., Ltd. ; and. 
that they show work carried out by the respective 
firms, 

> 

Messrs. W. P. Butterfield, of Galvanising. 
Works, Shipley, have acquired the business of 
the Yorkshire Tank Cistern & Copper Co., 
Shipley, which will in future be incorporated. 
under the one concern. 
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ARCHITECTURE AND BUILDING, 
«a. Construction and Design. 


High Office Buildings.—Some Mechanical Details 
in High Office Buildings. Digest of a portion of a paper 
on the subject by Mr. Reginald Pelham, Bolton, read 
before the Institution of Civil Engineers at New York, 
who offered a number of interesting suggestions and hints 
of practical value.—Zngineering Record, June 1st, 1901, 
PP- $24, 525- 

Ornamental Gates.—Zutrance Gates, Carshalton 

Park. Concise description of some very fine wrought- 
iron gates, designed by Giacomo Leoni, a Venetian archi- 
tect, in 1723, and recently sold for £6,500 to some 
American capitalist. Builders’ Journal, May 15th, 1901, 
P- 292. -) 


2. Heating and Ventilation. 


Heating Problems.—//eating the Reptile House at 
Bronx Park, New York. Tne article describes a very 
interesting heating plant—namely, that laid down to main- 
tain a temperature of 80 degs. at zero weather, and as nearly 
as possible a uniform condition of temperature throughout, 
in the reptile house of the above-named zoological 
gardens. This object is attained by a pipe- -coil radiation, 
partly hidden and partly more or less inconspicuous, and 
hot water with the open-elevator expansion tank is used. 
Ventilation is obtained by an indirect natural circulation 
system, with the indirect using of hot water.—Zngineer- 
ing Record, June 22nd, 1901. 

Ventilating and Lighting.— Light and Air in 
Tenement Houses.—The author of the article draws 
attention to the fact that the most recent report of a State 
Commission on the subject, submitted to the Governor 
of New York only a few months ago, contains the re- 
markable statement that “ with all the remedial legisla- 
tion and regulation which has been put into operation 
since the enactment of the first tenement house law in 
1867, the present type of tenement house (in New York) 

gives to its occupants less light, less ventilation, 

less fire protection, and less comfortable surroundings 

than the average tenement of 50 years ago”; and then 

proceeds to discuss a few of the most important sanitary 

— involved in the construction of the typical 

ew York six-storey “double-decker.” — Engineering 
Record, June 15th, 1901, pp. 577, 578. 


.3- Plumbing and Gasfitting. 


 — Pianiiog in the Broad Exchange 
Buiiding.—The plumbing arrangements described refer 


to a 20-storey steel structure in New York, which takes 
its water supply through two 4-in. connections from 
separate street mains.—mgincering Record, June 15th, 
1901, pp. 579, 580. (Ill.) 


4. Miscellaneous. 


@ London Architecture.—New Buildings in the City. 
By F. Herbert Mansford. ‘lhe author passes in review 
the more important business premises recently erected 
within the City limits, beginning at Holborn Bars.— 
Builders’ Journal, June 16th, pp. 372, 373. (Ill.) 

Oriental Architecture.— Chinese Buildings and 
Chinese Workmen.—Short sketch of the character of 
Chinese architecture, with reference to the great Chinese 
wall, the pagodas, the dwellers’ houses, the public Buddhist 
temples, etc., and to the skill and deftness of the artisans 
accomplishing suv much with very primitive appliances.— 
Builders’ Journal, May 15th, p. 282. 


CIVIL ENGINEERING, 

Bridges. 

Bridges.— Turntable and Operating Mechanism of a 
360-/t, Swing Bridge. This is a description of an 
ingenious, but very simple and rigid arrangement 
connected with the 360-ft. single-track swing span of the 
Indiana and Iowa Railroad Bridge over the Illinois 
River at Marquetta, for distributing its weight on the 
combined rim and centre-turntable.—Zngineering Record, 
May 18th, p. 473 f. 


2. Canals, Rivers and Harbours. 


Dams.—Some Dams recently built by the Spring 
Brook Water Supply Company. This is a digest of an 
interesting description by Mr. John Lance, the chief 
engineer of the Company, printed in the ‘‘ Transactions 
of the Association of Civil Engineers of Cornell Uni+ 
versity,” referring to some of the dams built by the 
above-named company, which supplies the district 
between Scranton, Nanticahi, Pennsylvania, U.S.A.— 
Engineering Record, June 15th, 1g01, p. 568, 569. 


ELECTRICAL ENGINEERING, 
Electro-Chemistry. 


Electrolysis.—Commercial Electrolysis of Water. 
By Arthur Morris. The author points out the difficulties 

of the electrolysing of water ona commercial scale ; among 
them the preventing of the gases evolved at the electrodes 
from mixing, as the use of an ordinary porous diaphragm 
increases considerably the internal resistance of the cell. 
He recommends a metallic diaphragm. Referring to two 
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plants, one in Rome and the other in Brussels, which 
produce one cubic meter of hydrogen and one half meter 
of oxygen simultaneously at about seven farthings, he 
points out the importance of electrolytically produced 
hydrogen for ballooning, as being of only half the weight 
of that obtained in any other way.—Eiectro-Chemist and 
Metallurgist and Metallurgical Review, June, 1901, 
PPp- 139, 140. 

The Electrolytic Separation a Copper and 
Nickel. Description of a method for refining nickel, 
copper, and other metals, patented by Frasch, and now 
being worked by the Nickel-Copper Company of Ontario, 
Canada.—E£lectro-Chemist and Metallurgist and Metal- 
lurgical Review, June, p. 140. 


Pyrometry.—Eilectric Pyrometers. By W. Rosen- 
hain, B.A. This is an interesting contribution passing in 
review the earliest attempts of measuring high tempera- 
ture, and afterwards describing the various instruments 
and their working, in which the measurement is obtained 
by means of electrical devices.—Eiectro-Chemist and 
Metallurgist and Metallurgical Review, June, 1901, 
pp. 141-143. (IIl.) 

White Lead.—Some Electrolytic Processes for the 
Manufacture of White Lead. By Sherard Cowper- 
Coles. The author describes the system devised by Prof. 
E. V. Gardner, and worked on a commercial scale by 
the Universal Lead Company, at Millwall; and the 
electrolytic process patented by Browne; Woltereck’s 
process, in which electrolysis plays an even more exten- 
sive part ; Lucknow’s patented method for making white 
lead; and, finally, the methods of Tibbit, Bottome, the 
Lukon process, the Bailey, Cox and Hay process, and 
Breding and Faber.—Zlectro-Chemist and Metallurgist 
and Metallurgical Review, June, pp. 145-147. 


2. Electric Lighting. 


Incandescent Lamps.—/H/igh Candle-Power Nerust 
Lamps.—Description of a type of Nerust Lamps con- 
structed by the “‘ Allgemeine Electricitiéts geselleschaft,” 
which owns 15 patents for Nerust lamps, that are intended 
to replace whole groups of lamps of the ordinary incan- 
descent types. These lamps have from 65 to 135 candle- 
power, at from 100 to 200 watts, 7.¢. 1°5 watts per candle 
power. —Eilectro-Technicher, June 31st, pp. £7-9. 


3- Power. 


Electricity Works.—Hoylake and West Kirby Elec- 
tricity Works. Description of electricity works supplying 
two well-known residential districts in Liverpool. They 
were designed by Mr. T. L. Miller, the consulting engineer, 
the Local Government Board having sanctioned an ex- 
penditure of £30,000. The district being a long and 
narrow one, following the coast line, a high-pressure 
alternating system was selected.—Zéectrician, June 14th, 
pp- 853-5. (IIL) 

Generators.—LZiectric Generating Set of 830 Kilo- 
watts. The article is devoted to the description of a gen- 
erating set exhibited in the Machinery Hall of the recent 
Paris Exhibition, consisting of a steam engine built by 
Messrs. Crépelle & Garaud, of Lille, and two identical 
direct-coupled dynamos, constructed at the new works of 
Decanville, senior, at Petit-Bourg, Departement Seine- 
et-Oise, France.—Génie Civil, June 8th, 1901, pp. 85-7. 
(IL) 


Hospital Plant.—7he Engineering Equipment of the 
New Jsolation Hospital, Walthamstow. The article 
gives a concise account of an engineering plant of more 
than ordinary interest, especially as regards the electrical 
equipment, which, like the gas plant, is in duplicate.— 
Electrical Engineer, June 7th, pp. 834-40. (Ill.) 


Power and Traction Plant.—Wigan Corporation 
Electric Supply and Tramway Works. Description of 
the Power Station and kquipment of the Wigan Cor- 
poration supply scheme, recently completed, together 
with a short length of tramway opened to traffic, being 
the beginning of what promises to become a large and 
important municipal undertaking.—Zéectrician, June 
7th, pp. 246-250. (Ill. 

Power Distribution.—T7he Beginning of Electric 
Power Distribution. The article gives a concise but lucid 
description of the power-distribution plant of Walker & 
Wallsend Union Gas Company and the Newcastle-on- 


Tyne Electric Supply Company, who are jointly respon- 
sible for the enterprise, the first of its kind in the United 
Kingdom. The inauguration took place on June 18th, 
which date will mark an epoch in the history of British 
industries.—Lightnmg, June 20th, 1901, pp. 813-17. (IIl.) 


Dynamos.—General Principles for the Modern Con- 
struction of large Dynamos both for Continuous and 
Alternating Currents. By A. Heyland, engineer. The 
author points out that the construction of both continuous 
and alternating current machines has within the last five 
years assumed a certain fixity and definiteness ; and then 
proceeds to discuss the principles determining the con- 
struction of great machines of both types of dynamos, the 
points in which the one type differs from the other, and 
finally the influence of a change of the relative magnitude 
of the number of poles and the number of windings.— 
Zeitschrift fiir Elektrotechnik, June 16th, 1901, pp. 
293-6; and June 23rd, pp. 305-10. 

Power Stations. — Ziectrical Power Stations at 
Dublin, The article deals with the conditions obtaining 
at present, after many vicissitudes, in the electrical supply 
arrangements in the Irish metropolis. The accompanying 
illustrations show, among other features, the famous 
Pigeon House Fort, the chief supply station. — £/ec- 
trician, June 14th, pp. 284-89. (IIl.) 


4. Telegraphy and Telephony. 


Cables.—A Graphic Method for Calculating the Dis- 
tance of a Break ina Submarine Cable. By E. Jona. 
The author refers tothe tiresome calculations required 
when Kennelly’s method (or those derived from it, as 
Schaefer’s) are used, and describes a greatly simplified 
method devised by himself and Mr. Pirelli, his partner in 
the firm of Messrs. Pirelli & Co.—Zilectri-ian, June 21st, 
IQOL, PP» 333) 334 

Telephone Improvements.—Some J/nnovations in 
Telephony. By Professor J. Puluj. The author deals 
with protective devices preventing danger to users of 
telephones, whose conducting wires may come in contact 
with high-tension wires, and with an arrangement by 
which high-tension circuits may be used simultaneously 
and withcut danger for telephonic purposes.—Zeitschrift 
fiir Elektrotechnik, June oth, 1901, pp. 281-84. (IIl.) 


Wireless Telegraphy.—Z.aferiments in Wireless 
Telegraphy with the Guarint Automatic Repeater. 
This is an interesting contribution, dealing with the first 
experiments made overland between two _ populous 
towns, Brussels and Antwerp, the antenna being placed 
within the heart of these towns, and supported by public 
buildings.—Ziectrical Review, May 24th, pp. 871, 872, 
pe 7th, pp. 966-68, and June 28th, pp. r1r2-15. (To 
be continued.) (IIl.) 


MARINE ENGINEERING, 


1. Merchant Vessels. 
Atlantic Liners.—7Zhe Twin Screw Steamer 
“* Deutschland.” This contribution is a translation of 
the full and interesting account of this gigantic passenger 
steamer, built at the Vulcan Works at Stettin, Germany.— 
Marine Engineering, June, 1901. (Ill.) 


Coasting Vessels.—Description of the Steam 
Schooners engaged in the Pacific Coast Trade. By D. 
S. Kimball. The article deals with a special type of 
vessel to be met with on the Pacific Coast, and designed 
for the purpose of transporting the valuable red-wood 
timber growing on the mountain slopes. The so-called 
‘* steam schooners ” are fitted with both steam and sail as 
motive power, and, owing to the absence of proper 
harbours, have often to be loaded while at anchor, just 
clear of the rocks. In such cases the cargo is conveyed 
by means of a wire tramway.—Marine Engineering, 
June, 1901, pp. 231-37. Ill.) ‘ 

Lake-built Ocean Liners.—Ocean-going Steamship 
“* North-Western,” built on the Great Lakes. Descrip- 
tion of a vessel of a novel kind, built by the Chicago 
Shipbuilding Co., for the North-Western Steamship. 
Company, of Chicago. The ‘* North-Western ” is 254 ft. 
6 in. long over all, with a moulded beam of 42 ft., and 
26 ft. 6 in. in depth of hull. On account of the limited 
capacity of the Canadian Canals, she and other vessels 
built for the same purpose, will have to complete their 
cargoes at Montreal on the outward voyage, and 


FEILDEN’S MAGAZINE. 





nal 


ysens 





le dara 








The World’s Industrial-Engineering Press. 


partially discharge there when inbound. Ona draught 
of 20 ft. her displacement is 5,127 tons, and her speed 
10 knots.—Marine Engineering, June, pp. 1901, 215, 216. 
(IIl.) 

Mail Steamers.—Launch of a Japanese Steamer at 
Fairfield. Description of the Aumano Marw, the four- 
teenth mail steamer built on the Clyde within the last five 
years forthe Nippon, Yusen Kaisha, of Tokio, and launched 
from the Fairfield Shipbuilding and Engineering Co., 
Govan.—Steamship, July, 1901, p. 22. 

Pacific Liners.—‘‘ Korea.” Description of a mail 
steamship company’s vessel bearing the above name, 
recently Ruached by the Newport Shipbuilding and Dry 
Dock Company, U.S.A., being the largest ever built in 
the United States, and intended to run with her sister 
ship, the Sideria, between San Francisco and Hong Kong, 
calling at Honolulu, Yokohama, and Nagasaki. She has 
a length over all of 572 ft., and a displacement of 18,600 
tons, with accommodation for 300 first-class passengers, 
30 steerage, and 1,200 Chinese. — Marine Engineer, 

uly, 1901, pp. 124, 125. Ill.) 


2. Pleasure Craft. 
3- Equipment and Machinery. 


Marine Boilers. — 7he White- Forster Water- Tube 
Boiler. Description of a type of boiler of which over 50, 
ranging from 1ooi.h.p. to 1,000i.h.p., have been com- 
pleted and fitted in small craft for the British, Japanese, 
and Austrian Governments.—Zugincers’ Gazette, June, 
Igor, p. 133. (IIL) 

— Cummins’ Water-Tube Boiler.—Description of a 
novel boiler submitted by Mr. W. R. Cummins, of Lough- 
borough, to the Committee appointed by the Admiralty to 
consider the question of water-tube boilers with reference 
to their suitability for the Navy, among 106 others, and 
being one of the 14 that alone attracted full attention on 
the part of the expert<. The virtues claimed for it by the 
designer are small weight and size, simplicity of con- 
struction, perfect accessibility for cleaning, etc., a dis- 
persion such as to admit ofa very efficient heating surface 
and relatively large steam space.—Zugineers’ Gazette, 
June, 1901, pp. 127-28. 

Marine Engines.—Compound Surface Condensing 
Marine Engines. By W. White & Son, Greenock. 
Description of a standard design of marine engine, manu- 
factured by Messrs. White & Son, Roxburgh Engine 
Works, Greenock.—Steamship, June, 1901, pp. 445, 446. 

State Rooms.—Bibby's Patent Tandem Staterooms. 
Account of an ingenious change in the lighting during 
daytime and ventilating of staterooms. With steamers 
of large beam there are usually two rows of cabins, of 
which the outer have light and air from the porthole, 
while the inner are dependent upon artificial light and 
ventilating fans. These defects are remedied in the dis- 
position of the required space by Mr. Arthur Bibby, the 
managing owner of the Bibby line of steamers, in which 
all staterooms receive light and air from the outside.— 
Steamship, July, 1901, pp. 6, 7. (Ill.) 

_ —— The Tilting Movements of Marine Engines. This 
is a concise explanation of two diagrams indicating the 
tilting movements of two five-crank marine engines recently 
constructed at the Central Marine Engine Works, West 
ie es Magazine, June, 1901, p. 129. 
. Marine Generating Plant.— Westinghouse Generat- 
ing Plant Jor Shipwork. This contribution gives a 
concise account of a steam-driven generating set specially 
constructed for use on board ship by the well-known 
engineering firm of Westinghouse, having 100-gallon 
water capacity.—Marine Engineer, June, 1901, pp. 91-4. 


(IIl.) 


4. Miscellaneous. 


Docks.—Self/ Docking Pontoon Dock for the Spanish 
Government. Description of a self-docking pontoon dock 
of 13.000 tons capacity, recently com dened by Messrs. 
Robert Stephenson & Co., Ltd., of Hebburn-on-Tyne, 
being the largest afloat. It was originally intended for 
the Port of Olongapo, the naval arsenal in the Philippines, 
but Spain losing their islands to the United States it will 
find a place in the Port of Mahon in the island of Minorca. 
Marine Engineering, June, 1901, pp. 134, 135- 
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Dredgers.—Hydraulic Hopper Dredges for Harbour 
Improvement Work at New York. Description of a 
large hydraulic dredge, launched a few months ago at 
Sparrow's Point (Md.) Shipyard to the order of the 
contractor, Andrew Onderdonk, to be used for improving 
New York Harbour by a deep channel, 2,coo ft. wide and 
40 ft. deep from the Narrows, by the “‘ East Channel,” 
across Sandy Hook bar to the open sea.—Marine 
Engineering, June, 1901, pp. 218-21. (Ill.) 

River Steamers.—‘‘ General Pando.” Description of 
a large sternwheeler for service onthe River Amazon and 
its tributaries, built to the order of Messrs. Avelino, 
Armago & Co., of London, from designs and under the 
superintendence of Sir E. J. Reed, K.C.B., M.P., for 
the Bolivian Government.—Marine Engineer, June, 
1901, pp. 94, 95. (Ill.) 


MECHANICAL ENGINEERING, 


1. Boilers, Furnaces and Fuel. 


Ingot Heating Furnace.—An «smfproved Type of 
Ingot Heating Furnace. By F.H. Daniels. The various 
defects and drawbacks in existing furnaces, such as the 
‘* soaking pit” and the horizontal heating furnace,” have, 
according to the author, been obviated by the novel 
type of vertical heating furnace with its more recent 
accessory of the “electrical washer,’’ described in this 
contribution.—A merican Manufacture: , June 6th, 1901, 
Pp- 699-702. Ill.) 


2. Compressed Air. 


Air Compressors.—Air Compressor. Description of 
an air compressor—Taylor’s patent—of an entirely novel 
type, built by Messrs. John Downham & Co., of Bury ; 
amongst the most noteworthy features being a rotary and 
horizontal movement of the cylinders, the dispensing of 
the usual small inlet valves, water-jacket, and connecting- 
rod, while, at the same time, the compressor is selt- 
contained and requires no foundation.—Zxgineer, June 


\7th, p. 605. 





Scot’s Compressors. Under this heading are 
dealt with several types of minor size, constructed by 
Messrs. George Scott & Son, among them a “‘ steam- 
driven, double-cylinder, inverted compressor,” in which, 
contrary to the usual method, the combination of the 
steam-engine and air-compressor is effected by placing 
the air-cylinders vertically, their pistons being worked 
from cranks on the crank-shaft down belt-driven com- 
pressors, and a three-stage compressor arranged to 
compress up to 3,000 lbs. per sq. in. — Mechanical 
Engineer, June 29th, 1901, pp. gto-git. (IIl.) 

The Westinghouse Air Pump or Compressor, 
Description of this well-known compressor, or, as it is 
called, ‘‘ air-pump,” used for supplying air to the 
Westinghouse air-brakes that are used by many railway 
companies in all parts of the world. A considerable 
portion of the description is devoted to the air-pump 
governor patented by the Westinghouse Co., which serves 
to prevent the air-pump from running when the pressure 
in the receiver has arrived at the maximum. —AZechanical 
Engineer, June 29th, 1901, pp. go8-10, (Ill.) 





3- Engines and Motors. 


Engines.—Quadruple Expansion Engine, Designed 
by Mr. Charlies Bourden, and Built by Messrs. H. Brulé 
& Co. Description of a really novel type of engine, 
exhibited at Paris last year, being the only engine of that 
kind, excepting the vertical four-cylinder engine, built by 
aii _ Posi Génie Civil, June 8th, 1901, pp. 87-go. 
— The Lane and DBodley Twentieth Century 
Engine. Among the exhibits at Buffalo is to be seen the 
engine here described, built by the above-named Company 
at Cincinnati, and designed with the object of bearing 
150 lbs. steam-pressure, the ports having ample area for 
a piston speed of 150 per minute, while the valve-gear 
and other parts of the engine should, in case of necessity, 
be able to work easily and quietly at 125 revolutions per 
anne Record, May 25th, 1901, p. 505. 


Impulse Wheel. — 7%e Cassel Sel/-Governing Impulse 
Wheel described, has been designed by Mr. Elmer F. 
Cassel, of Seattle, U.S.A., and among the virtues claimed. 
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for it is that it is incapable of racing, even when employed 
uncer very unfavourable circumstances. It is in reality 
made by splitting an ordinary impulse wheel in halves, and 
mounting them loose on the shaft on either side of a central 
spider, after which they are held together by the pressure 
of springs £ “ag June 14th, Ppp. 707-69. (IL) 
Machine Works.—WWorks of G. & /. Weir, Ltd., of 
Glasgow. ‘The artic * contains a full description of the 
subove-named works, in which standardisation and the 
use of automatic and semi-automatic machinery have 
reached a degree not excelled anywhere, even in the 
United States ; while the adoption of the premium system 
f payment by the owners, almost challenges a com 
parison with American works, from which ‘the British 
firm has nothing to fear.—Zaginzering, June 21st, 1901, 
PP- 795-9 cil.) 
Motor Wagons. — Messrs. C. & Musker's Wagons: 
Descriptions ot two lorries, Aa tena finished too late 
get them into adjustment for the Liverpool heavy 
traflic motor trials. Tne working of these lorries is almost 
entirely automatic. One of them is designed for burning 
il, the other for burning coke. In beth the boiler is of 
»il type, the fire chamber being entirely sur 
rounded by the water tubing.—£vgiacering, July 7th, 
1g01, p. 731. (IIl.) 
vi Thornycroft Wagons. Description of one 
f the company’s standard pattern vehicles, designed for 
a load of four useful tons, entered in Class D during the 
trials and of another vehicle, entered in Class C, and 
aimed by the company to be the largest yet constructed, 
being ft. 6ins. in length, 6 ft. 6ins. in width, and 
i Engineering, June 7th, 





the single 





extreme height. 





Messrs. Simpson & Bibby's Wagon. Description 

f a wagon built by the Pomona Engine Works, Corn- 

k, Manchester, with a specified minimum load of 

4 tons, both the tare and the platform area being un 
-d.—Engineering, June 7th, p. 731. 


Five ~ itor Wagons, by F. Coulthard & Co., 
td. De crip tion of a very efficient heavy traffic motor 
uilt by the above-named firm, in which the main frame 
f the vehicle, of channel steel, braced, is so constructed 
is to carry the whole of the machinery, boiler and tanks, 

the frame being itself supported on the axles by long 
aminate springs Among its distinguishing features 1s 
arrangement of the valves and main cover: only 
ne cover is used for both cylinders and piston valves, 
and this is so designed as to serve as receiver whilst sup- 
porting the multiplier, which is used for admitting “* live 

steam to the low-pressure cylinder, the exhaust from 
high-pressure cylinder being passed to atmosphere \ 
peculiarity of this multiplier is that it serves the purpose 
f a relief valve, thus preventing any accumulation of 
water in the cylinders.—Mechanical Engineer, June 22nd, 

l 


1901, Pp. 370-7 (ill.) 
Grinding Machines. 


Examples of Machine Grind 
Ihe article deals with the results obtained by 
nes built by the Norton Grinding Co., Worcester, 
and explains the means and methods by which 
methods were attained.—Machinery, June, 1901, 











4- Power and Transmission. 


Grance. 1 45-Ton Locomotive Jib Crane. Descrip- 
tion of ymocive crane recently built for the United 
States N: Av: al Station at Port Royal, S.C., with a jib 
yw trussed steel boom horizontally pivoted and attached 
to the top of an A tower on a counterweighted platform. 

Engineering Record, June 1st, p. 521. 





Large Cranes.—120-/0n Steam Derrick Crane. 
Description of an exceptionally large crane intended to 
facilitate the handling of heavy machinery at the ship 
building yard of Messrs. Wm. Donford & Sons, Ltd., at 
Sutherland, built and designed by themselves. It has a 
apacity of handling weights at the radius of as much as 
100 ft., and the crane being situated in close proximity 
the quay, it becomes possible to reach ships lying even at 
some distance from the quay side. The wide range of 
lifting power of this crane is one of its chief merits.— 
Vechanical Engineer, June 8th, 1g01, pp. 792-94. 


Means of Transmission.—Chain and Chain-Cear 
ing. By Charles Piez. A paper read before the En- 
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gineers’ Club of Philadelphia, in which the author enters 
tully into the question of suitability of chain transmission, 
and dwells on the precautions necessary to render chain 
gearing effective.—Proceedings of the Engineers’ Club, 
Philadelphia, Apri), 1901, pp. 100, 101. 


5. Machine Works, and Foundry. 
Axle Works.—7he /H/oward Aale Works. The 


article is devoted to a description of the axle works of 
the Carnegie Steel Company in West Homestead, being 
a department of the Homestead Steel Works, in which 
the first axle was forged on April 2oth, 19co, while 

present, though the plant was designed tor an output a 
1,000 axles a day only, a record of 1,3co axles a day has 


been made.—A merican Manufacturer, June 13th, 1901, 
pp. 726-8. (Ill.) 
Boring Machine.--30-”. Vertical Turret Bort g 


Machine. Description of a machine intended for boring, 
facing, and turning a large range of work, and fitted with 
a turret, so that there is no delay in changing tools. 
his machine was built by Messrs. Charles Churchill & 
Co., of g to 15, Leonard Street, London, E.C., and is on 
exhibition at Glasgow.—Zugineering, June 14th, 1901, 
p- 706 

Engine Works.—7he Fore River Engine Co. De- 
scription of the new buildings and equipment of the 
above-named company, which, after fifteen years’ of suc- 
cessful work, have recently been incorporated as the 
Fore River Ship and Engine Co., and whose new plant, 
situated near the mouth of the Fore River, in Quincy, 

lass., U.S.A., comprises 50 acres of land, with a water 
front of about 1,800 ft., and ample depth of water for the 
largest ships. The company is said to be prepared to 
build the machinery and hulls for the largest vessels. 
Machinery, June, 1901, pp. 5-17. (Ill.) 











Foundry Equipment.— 4 Modern Foundry. The 
above title refers tu the recently completed plant of the 
Milwaukee Harvester Co., of Milwaukee, Wisccnsin, 
U.S... In 1880 a foundry of 50 tt. by 100 ft. produced 
all the gray iron used by this company. Since that time 
many additions have been made and new premises erected, 
and in 1909 the building described in this article was 
completed. It is 100 ft. by 400 ft., and two storeys high 
having the moulding-room on the second floor.— Foundry, 
June, 1901, pp. 138-47. (Ill.) 


Cupolas.—7he Newton Cupola. The cupola here 
described has recently been placed upon the market. In 
its designing consideration has been given to the import- 
ance of proper tuyére area, together with the most 
desirable tuyére shape, and the object has been to secure, 
as far as possible, a distribution of blast over the entire 


area of the furnace. ‘The tuyéres are adjustable. 
satety tuyére is provided also with a soft metal trap.— 
Foundry, June, 1901, pp. 156, 157. (Ill.) 


6. Machine Tools. 


Machine Tools.—Sharf, Stewart & Co., Ltd. 
Description of the exhibits of this firm at Glasgow, 
including a planing machine, to ft. by 4 ft. by 4 ft., 
driven by Sellers’ gear and running at an unusually high 
speed. The use of Sellers’ gear, though the latter has 
the same disadvantages as other worm-driven rack 
greater friction and less surface—enables the table to 
cut at 25 ft. a minute, and to return at 130, a performance 
not likely to be within the reach of any other kind of gear 
where such speed is used. Another tool exhibited by 
Messrs. Sharp, Stewart & Co., ani here described, is 
Mr. Geo. Oldfield’s lathe, differi.g considerably from the 
American machine tools and their European adaptation, 
and being thoroughly British, built on generous lines anc 
suitable for the heavy feeds characterising machine shop 
practice in this country. Besides these, there is described 
a powerful slotting machine, a triple-geared self-acting 
lathe, a horizontal boring and drilling machine, and several 
others. —LZugineer, June 2th, 1901 (Supplement), i-iv. 


(Iil.) 


PLEé *. MacLellan. Description of the exhibit 
of this athe ut Glasgow, consisting mainly of several 
amueison’s ingemous little power-hammers, and of 
a special lathe for turning buffers.--Axgineer, June 28th 
1g01 (Supplement), pp. vii-ix. (II 




















